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An Analysis of Electromagnetic Forces 


LECTROMAGNETISM, the basic 


phenomenon of most of the processes 
involved in the production and use of 
electricity, is the force which practically 
moves the civilized world today. It is 
somewhat surprising, therefore, to find 
that certain fundamental concepts of 
electromagnetism do not conform with 
some of the concepts of general physics. 
One would think that at this late date the 
ground had been so thoroughly worked 
over that any possible points of disagree- 
ment would have been eradicated. It is 
true, of course, that the last few decades 
have seen such a complete revolution in 
the field of physics that scientific thought 
has far outdistanced many of the so-called 
practical sciences. It is not necessary, 
however, to embrace the more contro- 
versial tenets of the new physics, but only 


to borrow from some of the concepts. 


_ which have proved their value and sound- 


ness in order to bring to light certain 


obscurities and inconsistencies which exist 
in electromagnetic theory. 

The difficulty lies in the lack of general 
equations for the reaction of electrical 
particles, The engineer usually deals with 
mass phenomena, for which many for- 
mulas are available. The electrophysicist 
frequently deals with the activity of an 
individual charged particle but leans 
heavily upon the equations of the field, 


which really represent mass action. True, - 


the mass formulas can be written in terms 
of currents which can be ascribed to the 
flow of a quantity of electrons, but this 
merely glosses over the missing elements 
by means of a change in the units of 
measurement and does not throw any 
light on the nature of the effects produced 
by the individual particles of electricity. 
A few investigators have offered formulas 
for the reactions of particles, but this 
information cannot be found in the text- 
books and does not seem to have received 
general acceptance. One is confronted 
with the anomalous situation that it is 
possible to predict with a high degree of 
accuracy effects due to large numbers of 


electrons, but it is practically impossible. 


to get the answer when only two particles 
are involved. The result is that, when a 
oe oe 
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Certain concepts of physics and 
electromagnetism conflict on 
several points, chiefly because 
of the latter’s lack of general 
equations for the reaction of 
electrical particles. In this 
article the author introduces 
a few fundamental electro- 
dynamic concepts and deduces . 
from them some of the com- 
monly used formulas for forces 
exerted on current-carrying 
conductors. 


problem is encountered which cannot be 
reduced to or made to approximate one 
of the standard forms, such as cases in- 
volving so-called end effects, one finds 
oneself without adequate tools. Even in 
cases involving standard forms the avail- 
able explanation is not entirely satisfactory 
or sound. 

The force occurring between conductors 
carrying currents is one of the most im- 
portant building blocks of electrical 
engineering. When the conductors are 
straight and parallel to each other this 
force represents one of the simplest geo- 
metrical configurations imaginable. . If 
the conductors are of negligible cross 
section, and the distance between them is 
negligible compared with their lengths, 
the force per unit length of either conduc- 
tor will have the value: 


F=— (1) 


where: 


F=force, in dynes, on each centimeter of 
either conductor 

I, and I,=the currents in the conductors, in 
abamperes 

Sz=separation between the conductors, in 
centimeters 


The direction of the force is such as to 
tend to draw the conductors toward each 
other if the currents are in the same direc- 
tion, and to separate them if the currents 
are in opposite directions. This has led 
to the concept that parallel currents attract 
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if in the same direction and repel if in 
opposite directions. Up to this point 
everything could be proved by experi- 
ment, but now a conclusion has been 
drawn that may not represent the facts 
at all. It is a vastly different statement 
to say that the conductors tend to be drawn 
together or forced apart than to say that 
the currents attract or repel each other. | 
The former statement recognizes that the 
forces involve the conductors as well as 
the currents, while the latter completely 
ignores the presence of the conductors. 
An error of viewpoint is involved, such as 
occurs in the explanation of the phe- 
nomenon known as “‘skin effect.”” It is ex- 
plained as a crowding of the current to the 
outer portions of the conductor, and, while 
everybody who has to deal with this phe- 
nomenon knows that, conversely, it really 
consists of a progressive reduction in 
current density toward the inner portions 
of the conductor, the idea of crowding 
persists in popular parlance. 

In the case of parallel currents, if it 
is the currents which attract or repel, 
this fact should be capable of experimental 
proof with the conductors eliminated, 
as, for example, the streams of electrons 
which make up cathode rays. A single 
heavy stream should tend to coalesce into 
a very fine but dense stream, while two 
parallel streams should tend to combine 
into one. Scientists have been working 
with such streams for many years but these 
effects apparently have gone unreported, 
although an actual case involving two 
streams does not seem to have occurred, 
It has been suggested, though, along with 
several other possible arrangements, by 
some popular writers on the subject. 
However, beyond a certain point the 
explanation becomes hazy and the de- 
scription of the details of the proposed 
apparatus rather indefinite, with no clear 
indication that the author had ever tried 
the experiment himself. 

Magnetic effects have been produced 
under carefully controlled test conditions 
by the physical movement of charged 
bodies. These experiments prove that 
charges in motion with respect to other 
charges produce magnetic effects, but 
there is nothing in them to prove that ~ 
charges experiencing the same motion 
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(that.is, not actually moving with respect 
to each other) produce any magnetic 
effect upon each other. There is no ground 
for the belief that parallel streams of 
electrons in the same direction, whether 
as currents in a conductor, cathode rays 
in a tube, or accumulated charges on a 
- body, attract each other because of a 
common absolute motion. If they did, 
it would be a simple matter to set up an 


arrangement to determine the true motion 


of the earth through space. The experi- 
ments referred to show that man-made 
speeds are sufficient to produce magnetic 
effects. When potential is applied to a 
conductor, current will begin to flow. 
This fact of current flow is transmitted 
along the conductor with something 
approaching the speed of light, but the 
actual movement of electrons along the 
conductor is relatively very slow. It is 
much like the flow of water in a pipe. 
If the pipe is full before the water starts 
to flow, the water will begin to move 
practically instantly everywhere along 
the pipe, but it will take some time for 
a particular drop of water to travel the 
length of the pipe. Some idea of the speed 
of electron movement in current conduc- 
tion will be given in a subsequent para- 
graph. The important fact is that it is 
slow enough to be within the range of 
human experience. Thus, earth speed, 
such as its rotation, revolution about the 
sun, and galactic movement through space, 

_ should have a ponderable effect, with the 
result that all the electric meters in the 
world would be subject to a diurnal and 
seasonal correction. This would produce 
a most unhappy state of affairs for the 
electric utility companies, while careful 
scientists would be bedeviled eternally 
with an endless series of corrective meas- 
ures. Fortunately, nature has arranged 
things for us better than that. 


“UNNEUTRALIZED”” PROTONS 


All this discussion suggests that parallel 
currents in the same direction do not 
attract each other. With conductors 
carrying currents in opposite directions, 
there is clearly a relative motion between 
the electron streams, and the conclusion 


that the repulsive force results from this 


condition is logical, This leaves the 
attractive force to be accounted for be- 
tween the electrons and the conductors, 
In electrical conduction, the conductors 
are assumed to be neutral, that is, com- 
posed of ordinary matter consisting of 
equal amounts of positive and negative 
. electrical particles. The flow of current 
is assumed to be due to the motion of 
certain “‘free” electrons which are present 
therein and. readily mobile under the 
influence of electrical potential. For 
every electron thus set in motion there 
must be a positive charge left behind, so 
to speak, still bound up in the atoms of 
the material, and remaining stationary. 
These may be termed the “unneutralized” 
protons, and it will be clear that their 
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numerical count per unit quantity of 
conductor will be the same as that of the ~ 
moving electrons; The moving electrons 
in one conductor therefore will be seen to 
be moving relative to the unneutralized 
protons in the other conductor, a condi- 
tion which suggests itself as the seat of the 
attractive forces. This leads to the 
following propositions: 


1, Like charges in relative parallel motion 
repel each other. 


2. Unlike charges in relative parallel 
motion attract each other. 


COMPONENTS OF FORCE ANALYZED 


A full derivation of the actual magni- 
tudes of the forces will be given in sub- 
sequent paragraphs. Let it suffice for 
the moment to say that since the observed — 
forces, as evaluated by equation 1, are 
proportional to the product of the currents, 
they are a second-power effect and the 
individual forces on the particles must be 
proportional to the square of their relative 
speeds. Taking the case of the parallel 
conductors with the same, value of current 
in each, and assuming for the moment 
that equal currents mean equal electron 
speeds (certainly true if one conductor 
is the continuation of the other), if the 
currents are in the same direction there — 
will be two components of force on each 
conductor. One will be the force between 
the moving electrons in the one conductor 
and the unneutralized protons in the other 
conductor. .The other component will 
be the force between the unneutralized 
protons in that conductor and the moving 
electrons in the other conductor. These 
two components will be of equal magni- 
tude, and by the second proposition, both 
attractions. The total force on each con- 
ductor then is an attractive force of 
relative magnitude 2. Clearly there is 
no force between the stationary protons 
in the two conductors and, by all the 
preceding evidence, there is none between 
the moving electrons. They are moving 
in the same direction, at the same speed, 
and therefore not moving at all with 
respect to each other. Assume, now, 
that the current in one conductor is 
reversed. There will be the same two 
attractive components, as before, since 
proposition two considers only relative 
motion and does not establish preference 
as to direction. But a new component 
enters because of the relative motion of 
the electron flows in the two conductors. 
It will have a magnitude due to the same 
number of moving charges as the proton— 
electron force but double the velocity 
since the electron streams are moving past 
each other. By the square of twice the 
velocity, its relative magnitude will be 4 
and by proposition one it will be 3 
repulsion. The net force between the 
conductors thus will be the combination 
of an attraction of magnitude 2 and a 
repulsion of magnitude 4, or a net repul- 
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considered as a group of filamentary 


- atoms. 


they would bump into atoms as they were 


Se ee 


sion of magnitude 2. Reversing the 
rent in one conductor consequent! 
duces an equal force but reverses 
direction, a result entirely in agreen 
with experience and equation 1. 
_ Application of this concept shou 
to a clearer explanation of some o: 
more obscure electromagnetic pher 

A case of this nature is found in 
“pinch” effect, observed in electric fur- 
naces used to melt material by passing — 
current through the charge. It has been 

found that when the charge bec 
molten, if the current that is passed be 
comes too great, the charge tends to | 
strict or pinch in upon itself and red 
cross section. The usual expl 
offered almost identically by differ 
authorities, is that the current can 


rents distributed over the cross section 
the charge, and that by the attra 
effect observed when currents are flo 
in the same direction the filaments 
the material of the charge are drawn — 
together. This explanation always has 
seemed faulty, as it directs attention to the 
filamentary currents as the seat of the 
force, but requires that this force somehow 
appear on the material of the charge. The 
implication is that the electrons pulled or 

pushed (as suggested by one reference) 
the material of the charge inward as they 
themselves were drawn toward the center, — 
As this is a case of electrical conduction, 
it would seem that the electrons are fairly 
free, not being bound very strongly to 
It is therefore inconceivable th: 
the electrons could pull any of the material 
along with them. “It is conceivable that 


drawn inward and in that way could be 
said to push the charge inward, but, with _ 
the turbulence in the furnace and the — 
viscosity of the melt, it probably would be 
a rather slow process. Even the smallest 


mass of the electrons that were trying to” 
push them. Considered, however, in the 
light of the foregoing propositions, the 
phenomenon is adequately explained. — 
With the flow of current through the melt, — 
there will be “‘unneutralized” protons in 
the melt and, by the second proposition, 
there will be attractive forces between the — 
electron streams and these protons. The 
net attraction on each is directed toward 
the common center of cross section, and 
the result is a pinching effect. By a process _ | 
of mutual attraction both the charge and _ 
the current are drawn in. ' 
There is no doubt that this effect is _ 
present also in ordinary metallic conduc- 
tion, showing up as a magnetostrictive 
effect in the material and a tendency of ~ 
the current to crowd toward the center of — 
the conductor. The actual amount of 
crowding would be very slight, however, 
Electrostatic forces soon would arise as a_ 
result of displacement of electrons and _ 
stop its further progress, for the protons 
cannot travel inward and maintain the | 
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electrostatic balance as in the molten 
charge in the furnace. Electrostatic forces 
really are of tremendous magnitude, much 
larger than generally is realized, and a 
very slight displacement of electrons would 
be sufficient to counterbalance the electro- 
magnetic forces of even a heavy current 

‘flow. This is truly a case of crowding, 
entirely distinct and different from “‘skin”’ 
effect. 

The case of the parallel conductors does 
not lend itself immediately to the nu- 
merical solution of the forces between 
particles moving parallel to each other as 
there are nonparallel velocities present. 
It must be recognized that the particles 
-in any portion of one conductor are 
moving toward or away from the particles 
in those portions of the other conductor 
which are not directly opposite. These 
“in-line” velocities may be expected to 
have an effect, which they do. Recourse 
may be had to a case where the in-line 
velocity forces cancel out, such as the 
circular loop carrying a current, with an 
electron located at the center of the loop 
and moving in the plane of the loop. This 
is shown in Figure 1. 

The regulation electromagnetic analysis 
of this problem states that there is a 
magnetic field set up by the current J, 


the magnitude of which is B = u=1) 
€ 


gausses at the center of the loop, and that 
the charge ¢: is acted upon by a force 


QnT 
F=QjV):B dynes or F= Qniz the direc- 


¢ 
tion being downward in the figure. Since 


the current in the loop actually consists. 


of a stream of electrons moving in a 
counterclockwise direction (this necessary 
change in viewpoint as to direction of 
motion being the result of an unfortunate 
guess on the part of our scientific fore- 
fathers), then the force-on electron ¢; must 
result from the relative motion between 
it and the electrons moving in the loop. 
It is possible to skip the intervening mecha- 
nism of the magnetic field and trace 
this force back to the reaction due to each 
_ electron of the current in the loop. 

Taking any electron, such as ¢2 in the 
loop, the relative parallel velocity between 
4 and ¢ will be VetWVi cos a, and 
the force resulting therefrom will be 
QQ2(Vat Vi cos a)? = ita cat This function for 

ox n 
the force is arrived at by recognizing that 
the magnitudes of electromagnetic forces 
are evaluated in terms of the product of 
the currents involved and the inverse 
square of the distance of separation. 
From considerations previously discussed, 
‘this force will be a repulsion directed 
along the line joining the two electrons. 
The total net force F on electron «1 will 
be the summation of all the individual 
forces due to all the electrons of the loop 
current. These individual .forces are 
combined most readily if they are 
evaluated in terms of the same directional 
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components, say a vertical component 
and a horizontal component. Recognizing 
that the current J must consist of a number, 
nz, of electrons per. unit length of the loop, 
moving with the average velocity V2 such 
that I=nmQ2V2, the vertical component 
of the force on ¢ due to the group of 
electrons in any small length dS, of the 
loop, will be 


ap, -UUt V; cos or 


R2 OS ane oS, 
n 
= ze (V2? cos a+2ViV2X 
¢c 
cos? a+ V;? cos® a) 0S, 
or since 


S,= Ra, 2S,=R,da 
then 


oF = Bee 
R 


2 = AV cose 20g casas 
€ 
V;2 cos? a) 0a 


and 


F 21 
p= 2e if (V2 cos a-+2V:V2X 
G 0 


cos? a+ V,? cos* a) 0a 


n sin? 
-222 vs ain act 27 : *)+ 
a in? 1 
rat sin = *\] 
2 
=") ovine 
R, Ble 


as 2n2Q1QoViVa * 0,Voe V, 
R, eS 


A similar analysis for the horizontal 
component of this force can be carried 
out. 
loop will be found equal to zero. There 
are other forces which can be identified 
as being present. These are: the force 
resulting from ,parallel motion between 
the electron ¢ and the unneutralized 
protons in the loop, and the forces due 
to in-line velocities between this electron 
and both the electrons and the unneu- 
tralized protons in the loop. It will be 
found that the summation of each of these 
forces for the entire loop also will be 
zero. In other words, the vertical com- 
ponent just evaluated represents the 
complete net electromagnetic force on 
electron ¢; due to the current in the loop. 


mneOeV. 
That is, For=QVe 


c 
nQVe=I, as explained above, then 


and since 


P= Qi, which is the value given by 


c 
the regulation electromagnetic analysis, 
From the correctness of the formula thus 
derived, it may be inferred that the original 
premise for the force due to the parallel 
relative velocity between any two particles 
is correct. For the geometrical configura- 
tion of the case considered this was given 
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Its summation for the complete 


i Q:02(V2+V; cos a)? 
Re . 
it may be written as 


QiQ2V,? 


| ae 


$2 


In general terms 


(2) 


where 


F,=force, in dynes, between moving particles 

Qi =charge, in electromagnetic units (abcou- 
lombs), on particle number one 

Q.2.=charge, in electromagnetic units (abcou- 
lombs), on particle number two 

S=distance, in centimeters, between the 

particles 

V,=parallel relative velocity of the particles 
in centimeters per second 


The line of the force is coincident with 
the line joining the two particles, and its 
direction is such as to constitute a re- 
pulsion if the charges are of the same sign 
and an attraction if they are of different 
signs. In this connection, it is worthy 
of note that the direction as well as the 


_ magnitude of the net total force for the 


case shown in Figure 1 was determined 
by a strict mathematical analysis, without 
recourse to any right-hand screw relation- 
ships or three-fingered perpendicularities, 
so difficult to rationalize and remember. 
It is to be noted that equation 2 gives 
positive values for repulsive forces and the 
net force for the case shown in Figure 1 
came out positive for the direction which 
was assumed without prejudice, albeit 
with foreknowledge. This directional de- 
termination is a simplification in itself, 


Figure 1. Diagram showing a circular 
loop carrying a current 


R,=radius of the loop, in centimeters 
I=current flowing in the loop, in abamperes 
(clockwise) 

Qi=charge, in electromagnetic units (abcoulombs), 
on electron at center of loop 
Qe=charge, in electromagnetic units (abcoulombs), 
on any electron of current I 
V, =velocity of electron e1, in centimeters per second, 
to the right 
V2= velocity of electron eo, in centimeters per second, 
counterclockwise 
a=angle which line between e, and eg makes with 

a selected zero position. This zero position is 
taken perpendicular to V; counterclockwise 
F=force on electron e;, in dynes 
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. The evaluation of the forces due to in- 
line velocities now can be accomplished 
by taking a case where these effects do not 
cancel out, and separating from it the 
force due to the parallel velocities in 
accordance with equation 2. Such a 
case is found in the arrangement, pre- 
viously discussed, of two infinitely long 
straight conductors, of negligible cross 
section, parallel to each other, as shown 
in Figure 2. 

There will be a variety of forces present 
in this arrangement. Considering a unit 
length of conductor 1 at its midpoint, it 
will experience a force because of each of 
the following reactions: 


1. The relative motion between the moving 
electrons in the given length of conductor 1 
and all the moving electrons in conductor 2. 


2. The relative motion between the moving 
electrons in the given length of conductor 1 
and all the ‘“‘unneutralized” protons in 
conductor 2, 


3. The relative motion between the ‘‘un- 


neutralized” protons in the given length of ~ 


conductor 1 and all the moving electrons in 
conductor 2, 


These three reattions can be evaluated 
in terms of the forces between the par- 
ticles involved. Moreover, since we are 
concerned only with the attractive or 


repulsive force between the conductors, 


‘that is, the force perpendicular to their 
length, it is necessary to consider only the 
component of any of these individual 
forces perpendicular to the conductor. 
The force between any two particles 
will be made up of two parts, that re- 
sulting from the parallel velocity and that 
resulting from the in-line velocity, or 


ig =f +f, y 
where 


f=net force between any two particles 
f,=force due to parallel velocity of the par- 
ticles 


_ QV 
S? 


from equation 2 


fy=force due to in-line velocity of the par- 
ticles 


Assume 

_, UV;? 
J, y k $2 
where 


k=a constant 
V,=the in-line relative velocity of the 
particles, in centimeters per second 


Then 


QQ: 


as (V2+kV,?) for the general case 


For particular cases: 


Let 


Ji =the force between two electrons according 
to reaction one 
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‘ 


Then a5 
peal“ 9, coe a -Th con ah 
SP+S? k(V; sin a—Ve sin a)?] 
= 230, ei [(Vi-— V2)? cos? a-++k X 
(Vi— V2)? sin? a] 
Let 


fo=the force between an electron in con- 
ductor 1 and a proton in conductor 2 
according to reaction two 


Then 

i= ae [(Vi cos a)?+-k(V; sin «)?] 
= — 2:0. © [V2 cos? a-FkV sin? a] 

Let 


=the force between a proton in conductor 
1 and an electron in conductor 2 accord- 
ing to reaction three 


Then 

3 pe [(Va cos a) -+4(Vs sin @)?] 
2 cos? a+kV2 sin? a ] 

Let 


J =the total force on unit length of conductor 
1 due to all three reactions with particles 
in any small length 05S2 of conductor 2 


Then 

S=Myfinz 0S2+-m fanz OS2+-mifzn2 0S 
=mna(fit-fetfs) OS: 

Let 

j= ae perpendicular component of f 

Then 

So=mne(fitfetfs)cos «dS, * 

But 


fyann( 2.0% 8 oe) [i Varx 


“cos? a-+k(Vi— a sin? a— V;? cos? a—kV2X% 
Sqn 


sin? a— V2? cos? a—kV22 sin? a] cos a 
cos? a 
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Figure 2. Diagram Oc two infini 1 
long straight conductors 


I,=current, in abamperes, in pee, (p 
direction to the left) ; 

I,=current, in abamperes, in conductor 2 ( 
direction to the left) — 
Q=charge on any electron or proton, being negati 
for electrons and positive for protons, in ab: b= 

coulombs : 
m=number of moving electrons or unneutral 
Protons per unit length (centimeter) of cond 
tor 7 awn 
na=number of moving electrons or unneutralized 
protons per unit length (centimeter) of cor nduc 

tor 2 - i 

V, = average velocity, in centimeters per seein 
moving electrons in conductor 7 (positive « d 
rection to the right) 
V2=average velocity, in centimeters per second, 
of moving electrons in conductor 2 (positive di 
rection to the right) 

Scania of separation, in centimeters, ae 
the conductors 
S,=distance, in centimeters, of any ‘sie, on 
conductor 2 from the midpoint of that conductor 


the conductors make with the line joining the 
midpoint of conductor 71 and any point on conduc- 
tor 2 (midpoints of the two conductors assumed 

opposite each other) 


Let 


F=the total perpendicular force on wit 
length of conductor 1 due to all reactio ns 
from entire length of conductor = 


Then 


vw 

pa=s 
Peace [eos +k Xx 
. i a=-F nt 6 conc 


aQQaNiPe ante 2g 
Ss | a ee : 


Sa ae. 
an 

5 , ‘ i ar 

= isin? oni aa 
2=— 

— 2m 72Q:Q2ViV2[ 4 2k ; 
TT gl tne ee tee ron 
Sa 3° 3 Re 

Since 


h=mQiV, and T,=n2Q2V2 
Then 1 ey il 


2hhl4 2% 
P= ab 
Sa E # 


ELecrricaL ENGINEERING 


a. it 
¥ 


" But F is known to be equal to ——— 


b 


4 


Da 
(from equation 1 and negative because 
the currents have been assumed in the 
same direction and the force is an attrac- 
tion). 


Then 
_ 2hh 4 2k 2hh 
Sa [5 3 af aa 
and 
c= —"/2 


The force between particles due to relative 
in-line velocity is, then, 


Ve 
Fy= Be (3) 


- where 


F,=force, in dynes, between pore par- 
ticles 
Qi=charge, in electromagnetic units (abcou- 
lombs), on particle number one 
~Qs2=charge, in electromagnetic units (abcou- 
lombs), on particle number two 
S=distance, in centimeters, between the 
particles 
V,=in-line relative velocity of the particles 
in centimeters per second 


For the general case, equations 2 and 3 
may be combined, giving 


(4) 


In order to determine the direction of 
the force it is necessary merely to use the 
appropriate positive and negative signs 
of the charges on the particles and pt 
the repulsive direction positive. 

The negative sign of the V, term in 


equation 4 may be a little sowing as it 


means that when electrons are moving 
toward or away from each other there is 
an attractive force set up, while there is a 


repulsive force set up when electrons are 


moving toward or away from protons. 
What may be particularly surprising is 
that the force does not change sign with 
change in direction of motion. For in- 
stance, it is always a repulsion between 


electrons and protons, just the opposite 


of the parallel velocity effect. Interpreting 
this with respect to its physical signifi- 


cance, it means that when a conductor 


is carrying a current there is a longitudinal 
tensile stress set up in it, an internal force 
tending to stretch it. It has been shown 
that there is a magnetostrictive force set 
up under this condition which tends to 
contract the conductor radially. Its 
‘counterpart in the form of an axial stretch- 


“ing effect consequently may not be so 


surprising. This stretching effect does 
exhibit itself and has been noted but has 
‘gone unexplained. For instance, in the 
«case of the pinch effect discussed pre- 
viously, certain of the standard references 
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include a statement to the effect that 
there is also a stretching effect in the 
material of the charge in the furnace which 
tends to elongate it in the line of current 
flow, but do not offer any explanation. 
It will be clear, however, that for any 
conductor of finite length there will be 
more electrons on one side of any given 
length of the conductor, except the very 
middle section. By equation 3 or 4 
there will be a preponderance of force 
from that direction, which, by inspection, 
is a force directed away from the middle 
of the length of the conductor, or a stretch- 
ing effect. Furthermore, if the formulas 
indicated that the force changed direction 
with change in direction of relative motion, 
it would predicate erroneously a net force 
tending to move the entire melt in the 
furnace in one direction, or any other 
conductor carrying current for that matter. 
Such a result would be contrary to ob- 
servation and record. In other words, the 
formulas derived in this article are in 
accordance with observations. 


“STRETCHING” EFFECT 


It should be noted also that there is a 
“stretching” effect on the current itself. 
It might have been expected that the 
stretching effect on the conductor would 
be balanced, so to speak, by a compressive 
effect in the current, but this is not the 
case. It is found that the conductor and 
the current are stretching each other 
lengthwise just as they are compressing 
each other crosswise. The stretching effect 
in the current is, in effect, an internal 
voltage within the length of the conductor 
which, nevertheless, cancels out over its 
entire length. This, again, is to be ex- 
pected, otherwise it would constitute a 
voltage with respect to the entire circuit 
and conflict with Ohm’s law. 

At an earlier point in this analysis, 
reference was made to the velocities in- 
volved in the flow of current in con- 
ductors. It was stated that these velocities 
are small in terms of ordinary experience. 
‘This can be demonstrated readily. Ac- 
cording to the accepted concept of con- 
duction, the flow of current consists of 
the movement of the free electrons asso- 
ciated with the atoms of the material of 
the conductor. Assume a piece of Number 
12 American wire gauge copper wire 
carrying a current of ten amperes (=one 
abampere) such as occurs daily in home 
lighting circuits. A centimeter of this wire 
weighs about 0.294 gram and an atom of 
copper weighs about 1.06X10~?? gram. 
There are, therefore, about 2.78107! 
atoms in a centimeter of Number 12 copper 
wire.. If each atom contributes one elec- 
tron to the current flow, there are about 
2.78 X10%1 electrons in motion in each 
centimeter. Each electron has a charge 
of 1.60X10-29 abcoulomb. Since an 
abampere is defined as a flow of one 
abcoulomb per second, and J=nQV, 
1=2.78X1021X1.60X10- XV, V must 
be about 0.0225 centimeter per second. 


electrostatic units or statcoulombs. 


This speed may seem amazingly slow, 
particularly in view of the rate at which 
the fact of current flow is transmitted along 
a conductor, which is something close 
to the speed of light, or nearly 3.0010” 
centimeters per second. It can be said 
that the voltage vector establishes itself 
at this tremendous rate and thus gets the 
current going, but this does not explain 
just what the voltage vector or electrical 
field is. It is left to the imagination of the 
individual to visualize how this vector 
follows the conductor and is confined 
thereto and directed along it, even 
through the intricate convolutions of a 
piece of electric machinery, while all the 
time he knows that potential effects appear 
across insulating materials as well as along 
conductors. 

It would seem that the voltage vector 
is established by the creation of an electro- 
static field along the length of the con- 
ductor by reason of a disturbance of the — 
normally uniform distribution of elec- 
trons. It already has been stated that 
electrostatic forces are really tremendous, 
much larger than generally is recognized. 
This is because it is difficult to produce 
large unbalances of electrical charges on 
account of the great magnitude of the 
resultant effects. Something will usually 
let go before the unbalance becomes very 
great, and we have become accustomed to 
think in terms of the smallness of the 
unbalance instead of the relatively huge 
effect caused by the small unbalance. 
Some idea of this relationship is gained by 
considering the relative magnitude of 
electrostatic and electromagnetic forces 
between particles. Equation 2 gives the 
electromagnetic force between two elec- 
trons in relative parallel motion. This 
formula has been shown to yield the 
formulas given in the handbooks for 
electromagnetic forces for standard ar- 
rangements of conductors. It willbe noted 
that this formula is similar to the handbook 
formula for electrostatic force between 
charges, differing from it by the presence 
of the V,? term and by the fact that the 
quantity of electricity is measured in 
electromagnetic units or abcoulombs, 
whereas in the electrostatic formula the 
quantity of electricity is measured in 
The 
ratio of these two units is 3X10! which is 
numerically equal to the velocity of light, 
so that the relative velocity would have to 
be equal to the velocity of light for the 
electromagnetic force to be equal to the 
electrostatic force. However, it has just 
been shown that electric currents involve 
velocities which are probably only a small 
fraction of a centimeter per second. Since 
the force is proportional to the square of 
the velocity, the comparative puniness of 
electromagnetic force can be imagined. 
And yet this is the force which practically 
moves the civilized world today. 

In view of this relationship of magni- 
tudes, it is evident that it would not 
require much of a variation in the con- 


oo 


centration of free electrons along.a wire 
to establish the necessary potential 
gradient. In the number 12 American 
wire gauge copper wire considered earlier, 
the resistance is about 1.62 ohms per 
1,000 feet under standard conditions. 
This means that to cause one abampere 
(ten amperes) to flow, 16.2 volts per 
thousand feet, or 0.000530 volt per centi- 
meter, direct current, is required. The 
rate at which energy is consumed per 
centimeter of wire length in causing this 
current to flow is 10X0.000530=0.00530 
watt. As has been stated, there are about 
2.78 X102! electrons per centimeter in- 
volved, moving at an average velocity of 
about 0.0225 centimeter per second. If 
there is an average force of f dynes acting 
on each of these electrons, the energy 
consumption would be 2.78 X10#!X 0.0225 
X10-7Xf watt per centimeter. Since 
this must be equal to the above value of 
0.00530 watt per centimeter, the average 
force on each electron must be equal to 
8.48 X10716 dyne. 

This force may be considered a result 
of a greater concentration of electrons on 
one side than on the other. This would 
mean that the concentration of electrons 
in the wire increases toward the negative 
end. The rate at which this concentra- 


The Engineer in the Postwar Period — 


WO FACTS stand out clear and 
sharp against the postwar years 
ahead; First, engineers will have un- 
precedented opportunity; and second, 
industry should start now to conserve 
technical talent in every way and help 
train new engineers as quickly as possible. 
These conclusions are inescapable. 
Engineers will be scarce because: 


1, When the war ends, industry will have 
fewer competent engineers than in 1942, 
and none in training, 

2. It will take time to bring returning 
engineers up to their former efficiency. 

3. Colleges will not graduate engineers for 
several years. 

4. There will be no flow of engineers from 


war-born industries battling to stay in 
business. 


On top of these conditions will be the 
pressing commercial urge to freshen and 
market former standard products as 


R. P. Meily is supervisor of technical employment, 
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tion would have to vary along the wire 
may be calculated by straightforward 
electrostatic methods, and comes out 
something of the order of 1.55X107™ 
per cent per centimeter when the concen- 
tration is 2.7810! electrons per centi- 
meter, or a variation of about 4.31108 
‘electrons per centimeter. Another way of 
looking at this is in terms of the spacing of 
the electrons. At the density of 2.78 X10! 
electrons per centimeter, the spacing is 
about 2.28X10-8 centimeter between 
-electrons and differs by only 1.55107" 
per cent from the concentration in the 
next centimeter. This small spacing and 
the small variation required in it to pro- 
duce the necessary potential along the 
wire make it clearer how current can go 
through the many convolutions and con- 
tortions required of it and still permit the 
voltage vector apparently to be directed 
simply along the conductor in any ma- 
chine that can be built by human hands, 
This digression on the subject of current 
conduction has been included because it 
seemed to bear some relation to the general 
subject of electron reactions. In ordinary 
cases, where the arrangements correspond 
reasonably closely to standard forms, the 
relationships may be worked out by means 
of the usual engineering methods for which 
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A shortage of qualified engineers 
in the postwar period is foreseen 
in this article, in which industry 
is urged to aid itself. In par- 
ticular, industry is urged to 
train a number of young engi- 
neers each year regardless of 
business conditions. 


quickly as possible while new products 
are still in the making. With a huge 
reservoir of technical knowledge ready 
to be put to work, practically all of these 
new products will require more engineer- 
ing than ever before in order to be com- 
petitive. These approaching conditions in 
industry all add to make a period of 
unusual opportunity for -good engineers. 

The problem industry will face after 
the war has its roots in the early 1930's, 
During the depression many experienced 
engineers were released by industry. No 
young engineers were being brought in 
for training as replacements, resulting in 
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the formulas are to be found in the hand- 


books. The propositions advanced 
this analysis should be of practical 
sistance, however, in the solution « 
unusual and obscure cases, and case 
involving so-called end effects and oth 
configurations which cannot be reduc 
to standard forms. It has been customa: 

to break nonstandard arrangements up 
into parts which individually can be mad 
to approximate some standard form, b 
too great a dependence on the accura 
of this method must be cautioned against. 
It is better to apply the formulas for the _ 
reactions of the individual electrons, which 
can be used to good advantage, as has been _ 
shown in some of the cases discussed. 
Recognition of the necessity for relative 
motion in order to produce electromag- 
netic effects, and segregation of the parall 
and in-line velocities, should lead to 
explanation of many effects and the ob- 
servation of others. In a broad sense, it 
may be expected that electromagnetic — 
effects can be ascribed to many cases 
which involve apparently static charges, 
but where these charges, although sta- 
tionary with respect to the observer or the — 
observer’s “‘mass” viewpoint, actually may 
not be stationary with respect to other _ 
charges in the neighborhood. : 


a present void in the ranks of engineers in — 
the age group now 30 to 40 needed for 
wartime engineering. Had this group 
been in training and available in 1942, 
industry would have spared itself a great 
deal of money and time that went into 
training programs of all sorts which often 
turned out to be costly makeshifts. De- 
sign, development, and production would 
have gotten off to a quicker start with less 
waste of manpower and materials. In- 
dustry has had to bid in the open market 
for engineers and then train those engi- 
neers on the job—and this at a time when — 
there were very few engineers available. — 
Engineers found their services also were — 
being sought eagerly by Government as 
well as by industry. A large portion of 
the young engineers had reserve officers’ 
training and were immediately com- 
missioned. ‘Those with engineering back-" 
grounds were naturally attracted to the 
services, thus adding to the shortage of 
available men. Industry then was forced — 
to employ a large number of young 
graduate engineers and train them on the ; 
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job. This eventually failed as practically 
all of those under 29 finally were inducted 
into the service. 


ENGINEERING RANKS DEPLETED 


At present, industry is undermanned 
in engineering talent, both as to quantity 
and quality. The fault is not the engi- 
neer’s, but lies in the fact that industry 
allowed ten years to pass during which too 
few engineers were in training. The 
engineers in industry are generally over 
40. The void in the age group 30-40 
never will be filled, and the lack of men 
in this bracket will continue to be felt for 
the next 20 years, reaching the maximum 
in about 1955, 

Although nothing can close this gap, 
the future flow of new engineers over the 
years matches industrial requirements 
nicely; that is, fewer older, experienced 
engineers are required than younger, 
inexperienced men. The small group of 
seasoned engineers will fill the executive 
and supervisory positions to guide and 
safeguard the younger engineers. How- 
ever, a gap in the training of engineers as 
in 1929 and 1939 becomes more serious 
to industry as age increases. There will 
be relatively few engineers in the age 
group 50-65 between the years 1955-65. 
The deficit must be made up from the 
ranks of engineers 45 years old, who may 
be lacking in experience and judgment. 
To prevent a repetition of this condition, 
industry should bring into its organization 
each year a basic number of young engi- 
neers from each graduating class regard- 
less of the state of business, This provides 
minimum insurance, _ 

In the interest of strengthening and 
Maintaining adequate engineering per- 
sonnel for the immediate postwar period, 
it would be well for industry to analyze 
the probable demand and the supply of 
engineering talent. 

Many young engineers will probably 
elect to remain in the service of the 
Government. There is ample evidence 
of the necessity of maintaining a large 
Army and Navy, which will require much 
engineering talent of high order. New 
weapons and techniques will become more 
and more technical, and the higher the 
degree of mechanization, the more special- 
ized must be the people who are to design, 
develop, manufacture, operate, and service 
the equipment. ; 

In parallel with a scarcity of technical 
help during the immediate postwar period, 
industry faces a large pent-up demand for 
manufactured goods. Industries in a 
position to supply such goods at once will 
skim the cream of the business. But by 
advertising and other means, the public 
has been led to expect marvelous product 
changes all along the line; and this public 
will no longer be satisfied with a new 1942 
model automobile, refrigerator, or radio. 
It will be necessary, therefore, for industry 
to make good quickly on some of the 
promises. . 
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To bring out a new or improved product 
has generally been a long process of de- 
velopment and experiment followed by the 
creation of specialized machinery and 
manufacturing processes, all requiring 
much time. The urge will be to accom- 
plish all of these things quickly; and the 
people who do these things are engineers. 
The fact that things must be done quickly, 
in itself, means larger engineering staffs. 

Of necessity, new products will be more 
highly mechanical and technical than 
prewar products. The public looks for- 
ward to finding ingenious principles used 
in war applied to industrial, commercial, 
and home uses. : 

In addition, the public will not only be 
product conscious, but price conscious; 
perhaps not at first, but increasingly so 
as more goods become available. This 
means a highly competitive situation, re- 
quiring the best in engineers all along the 
line. 

This trend will affect the sales forces 
of industry when they are expanded from 
their present wartime skeleton. New 
products will call for more highly special- 
ized sales and service training. Many of 
these men must have engineering training. 
Indeed, it would seem that industry will 
not be able to get by in terms of services 
previously rendered. 

There are three principal ways in which 
industry can help itself: 


1. Keep the good engineers already in its 
service contented; and use these engineers 
at their highest skills. Industry has already 
taken steps to keep its engineers. Such 
factors as seniority, wage reviews and raises, 
and pensions work in this direction. 


2. Industry must recruit engineering forces 


from outside sources and institute training 
programs which will quickly make these 
engineers productive. In attracting new 
engineering talent from outside sources, 
industry finds itself inva highly competitive 
position. The well-established industry with 
accepted products will have the advantage, 
but it will have to offer pay rates com- 
mensurate with ability and opportunity 
and all the usual standard employee benefits. 
Engineers will be scarce, and many are going 
to be money conscious. 


3. Industry must look to the colleges for 
young engineers when the colleges again 
graduate engineers. It may be three or 
four years or more before the colleges can 
be counted upon for such men in normal 
numbers. When graduates are available, 
a liberal number should be placed in training 
which will fit them for service in the shortest 
possible time. The young graduating engi- 
neers can be discounted for the immediate 
postwar period, because there will be so few 
of them in the next four or five years, perhaps 
longer, that their presence will have little 
influence in the over-all result. 


The immediate problem which industry 
faces with regard to engineers is made 
more serious by the current desire of 
engineers to change jobs. The unrest 
can be attributed to the fact that industry 
is taking every means at its disposal to 
build up a strong engineering force in 
preparation for postwar activity which 
creates the job market. At the same time, 
engineers in strictly war industry are 
looking for more secure postwar oppor- 
tunity. Many, because of salary stabili- . 
zation, are also hoping to better themselves 
by a change. All things considered, it 
appears that the immediate future of the 
engineer is for more recognition and in- 
creasing responsibility. 


Hydroelectric Expansion in France 


- By expanding her network of hydroelec- 
tric plants and increasing production of 
existing plants, France hopes to compen- 
sate, in some measure, for the acute coal 
shortages now paralyzing her vital indus- 


tries. French engineers have three pro- _ 


grams for expansion of the system. 
Although the first program, that of 1938, 
never was completed entirely, dams con- 
structed under its provisions are now sup- 
plying France with 1,200,000,000 kilowatt- 
hours of energy. Two more large dams, 
PAigle and St. Etienne de Cantales, may 
be completed by the end of the year, while 
a third, Genissiat, cannot be finished be- 
fore the end of 1948. The 1941 program 
provided for construction of 49 dams sup- 
plying 5,250,000,000 kilowatt-hours. Only 
‘the Thués Dam in the Pyrenees is nearing 
completion, but work is under way on 18 
smaller dams which will furnish 2,000,- 
000,000 kilowatt-hours. The two most im- 
portant, Bort-les-Orges (400,000,000 kilo- 
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watt-hours) and Chastang (540,000,000 
kilowatt-hours), both in the Massif Cen- 
tral, may be opened in October 1949. 
Still in the blueprint stage are the 46 dams 
provided by the 1945 program, including 
the giant Donziere Montdrdgon on the 
Rhone River, which will supply France 
with 5,600,000,000 kilowatt-hours. Engi- 
neers hope that dams completed by the 
end of 1945 will supply over 1,000,000,000 
kilowatt-hours to the Massif Central and 
360,000,000 to the Pyrenees, thereby sav- 
ing 1,000,000 tons of coal. It is estimated 
that four months after the opening of 
these plants, enough energy will have been 
supplied to compensate fully for the coal 
used in their operation. 

In order to utilize these plants to ca- 
pacity, France must also put up a new net- 
work of high-voltage transmission lines. 
Three years will be required to build 1,500 
miles of high-voltage wires carrying from 
60 to 220,000 volts. . 
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One Facet of Naval Electrical Rese 


ELLSWORTH F. SEAMAN 


HE TERM “RESEARCH” is one of 
the most imaginative of the words 
forming our scientific and electrical vocab- 
-ulary and as such lends itself to many defi- 
nitions and interpretations. It is, however, 
our immediate concern to examine one 
particular facet or concept of this word, 
and its relationship to the scope of naval 
electrical engineering. 

For this purpose it is convenient to 
think of research in terms of its cause and 
effect; the cause as the need for a new 
type of service material, or necessity for 

_ improvement of an old material, and the 
_ effect as the reduction to practice through 
research, development, and standardiza- 
tion. The picture as a whole may be 
likened to an Archimedean spiral. where 
the center point represents the initial in- 
ception of the problem and where the line 
of the spiral represents that research work 
“necessary to advance the problem to the 
development point. The line then carries 
us through the final performance stage to 
standardization and a Navy specification 
representative of the minimum satisfac- 

tory performance level for shipboard ma- 

terial, Service experience determines if 
and when further research is necessary. 
-When this is the case the spiral of research 
progress continues in a repetitive pattern 
but it encompasses an ever-expanding 
field of knowledge. 3 

This is a concept of research in its broad- 
est aspect since it is inherently and in- 
separably related, through the foundation 
it builds, to the successive and progressive 

steps of development, standardization, and 
operating experience. The cycle thus de- 
fined depends for its initial, and for each 
succeeding, impetus on that research that 
evaluates performance of materials and 
equipment, that seeks out and develops 
new materials, that measures and simu- 
lates service performance in the labora- 
tory, and that visualizes future problems in 
time for their solution before the emergency 
arises. In other words, research properly 
planned and conducted develops new con- 
cepts. The new concepts enable one to 
visualize and anticipate future needs, 


OUTSIDE RELATIONSHIPS 


The laws of physics recognize no limit- 
ing boundaries that allocate new materials 
and equipment to one particular field of 
application. ‘Thus it is that research, and 
especially research of the more basic type, 


Essential substance of an address presented at a meeting 
of the AIEE Worcester Section, March 9, 1945. 
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Research is a significant element 
in the field of naval electrical 
engineering as it is in all scien- 
tific fields. In this article the 
author takes cognizance of the 
‘general subject but concen- 
trates on one phase of naval 
electrical research; that con- 
cerned with the adaptation of 
shipboard equipment to war- 
time conditions, a period of un- 
limited demand and _ limited 


supply. 


is of universal interest and provides com- 
mon ground over which the engineer or 
scientist must pass in traveling from the 
field of domestic or industrial endeavor 
into the more specialized sphere of mili- 
tary requirements. It is true that special- 
ized needs, where they are sufficiently im- 
portant, establish research trends in the 
private laboratory and lead to the develop- 
ment of new and significantly different 
materials. 
ability to accelerate development of special 


Figure 1. Outside relationships 


A. Peacetime condition 
B. Wartime condition 


naval material or equipment sometimes de- 
pends on the commercial background 
available and on scientific advances. 

In speaking of naval electrical research 
the picture would not be presented in its 
true perspective if this research were as- 
sumed to have nothing in common with 
that of other branches of the Armed Forces, 
In some cases the problems are identical 
and research for one provides the answer 
for both. This thought has its foundation, 
in fact, where certain Bureaus of the 
Navy and Services of the Army are work- 
ing jointly in their laboratories on common 
problems. This work grows out of, and 
forms the basis for, Joint Army-Navy 
standardization work that is well advanced 
and has to its credit numerous JAN speci- 
fications, 


It is, therefore, apparent that research 


It is, however, also a fact that 
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progresses most effectively and rap 
through a thorough knowledge of the 
pose it serves in the fields of devel 
and standardization and through its ex 
mon-interest linkage with industrial labo 


and needed materials already may be 
the making. < 


SCOPE 


The scope of research is inherently 
of the problems requiring solution. T} 
limitation to the degree of perfection at- 
tained is the limitation engendered b » 
working materials and our ability to 
them into a most effective end r 
Thus, the starting point in electrical 
research is the matériel phase, where, 
through research intended to produce new 
or improved materials or through inge 
design combinations, it is possible to brin 
about a performance objective. The likeli 
hood of achieving this end depends on 1 
severity of the service requirements, c 
mercial availability, scientific talent, an 
long-range planning. = Sos 

Material as such lends itself to the 
generic classifications of dielectrics, con 
ductors, and-structural parts so combined 
as to present the most effective assembly of 
the dielectric and conductive units. D 
sign, arranged chronologically, passes 
through the successive stepsof: 
1. Component part or individual unit. 
2. Equipments composed of individua 
units. iy : 

3. Systems made up of equipments. — 

4. Co-ordination of systems. = 8 
5. Warcraft designed by utilizing most 
effectively a combination of these steps. _ 


Starting initially with the broader per- 
spective we may evaluate the over-all pic- 
ture and subject to review any of its par 4 
for purposes of improvement through re- 
search. rei 
The research scope can be defined more 
concretely by specifying the major service 
requirements for which equipment and 
materials must be developed when they 
are not available. These numerous service 
conditions include the following representa 
tive and more important factors: 


(2). High humidity. 

(b). Excessive temperatures, 

(c). Shock and vibration. . 

(d). Extremes in operating conditions (fro mn 


northern latitudes to tropical or torrid zones). 


(e). ‘Necessity for maximum reduction in 


weight and space for equipment. 


a 


ELECTRICAL ENGINEERIN 


__ These conditions must not only be effec- 
tively dealt with, but the end product 
Should be simple in design, possess a long 
service life, and in many instances be re- 
quired to perform unusual functions. . 

Thus far our discussion has dealt with 
generalizations relating to “concept,” 
“outside relationship,” ‘“‘scope,” and 
“special problems” that are found in the 
electrical naval research field. It is the 
purpose now to amplify these ideas and in 
this manner to emphasize some of the pat- 
terns that are found useful in thinking of 


naval research in the electrical-engineer- | 


ing field. 
SPECIFIC ASPECTS OF RESEARCH 


On considering research we may note 

_ acomplete cycle consisting of the research, 
development, standardization, and opera- 
tion phases of, so to speak, a rectangular 
spiral. 

The steps then repeat if and as neces- 
sary, depending on the needs of the service. 
Each advancing step in the pattern repre- 
sents a composite of the background plus 

_what is made possible of achievement be- 
cause of this background. 

From Figure 1 it is apparent that two 
spheres of activity can be considered as 
distinct and separate but that a common 
ground or common linkage exists to join 
the two. ‘This common area is at all times 
the more basic research, but with less 
frequency it extends into specific appli- 


cation improvements such as increase in 


YK 
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Figure 2. Special problems 

Size reduction; apparent development 
Size reduction; real development 
Optimum equipment size 

Standard frame size 


Sad >| 


_ heat and flame resistance of electrical insu- 
~ lation which represents a development that 
is commonly useful throughout electrical 
industry. It has been accelerated in this 
instance, however, by the urgent shipboard 
needs for heat- and flame-resistant di- 
electrics. 

It should be of interest to engineers to 
think of the scope of research in terms of an 
algebraic equation where it is possible to 
define as quantity A the required service 
performance and quantity B as the ma- 
tériel available to meet the needs of A. 
_ In this case the end performance C' must be 
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failure is likely to occur. 


Segal Kise aes oe 


equal to or greater than B/A. If B/A<1 
research is necessary. Performance A 
as a whole might be summed up as 
the life period under accelerated aging 


conditions where ruggedness is adequate 


and where deterioration of the insulation 
has not taken place to the extent that a 


Figure 3. Glass 
jewel used as in- 
strument bearing 


This resolves 
itself into a problem of the adoption of a 
truly indicative accelerated aging test 
which is one of the most difficult things to 
accomplish as it must be correlated over 
long periods of time with control samples 
that are subjected to normal full-lifetime 
tests. 

These tests, as an expression of service 
conditions and operating requirements 
cover ; 


Life (accelerated aging). 
Moisture resistance. 

- Vibration and shock resistance. 
Heat and flame resistance. 
Fungus resistance. 

High electrical characteristics. 
Special functional requirements. 
Oil resistance. 

Space and weight resistance. 


Passing to performance B it will be seen 
that the characteristics of material and 
equipment are measured by the test 
standard adopted for actual service simula- 
tive operation and, as previously stated, 


if C is not greater than one, then research ~ 


and development are indicated. This is 
undertaken through experimentation in 
new materials or equipment-design im- 
provements in order to achieve the neces- 
sary end result. Performance C is this 
end result. 

The manufacturing industry must, in 
order to accomplish production results, 
arrange for fabrication on a production- 
line basis. This production in some of the 
more common equipment means that the 
same machinery-frame size will be used 
from a fractional part of this frame-size 
capacity up to 100 per cent of the frame 
rating (Figure 2). This will be repeated 
when the next step in frame size is reached. 
Where space and weight warrant the 
change it is necessary through naval de- 
velopment to reduce the frame size by the 
‘amount A. This may be termed apparent 
development. If, however, it is possible 
to reduce further the frame size of the 
equipment by the amount 8B through 
utilizing a newly developed heat-resistant 
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insulation while retaining the same rating, 
we have entered into and completed a 
phase of real development. 


CONTRIBUTING FACTORS 


Naval electrical research has been de- 
scribed thus far in terms that are general in 
character. Perhaps the word “‘philoso- 
phy” would define the approach more 
accurately. Subsequent paragraphs offer 
brief, pertinent comment on a few of the 
‘other subjects involved in electrical re- 
search. The diversity of these subjects 
serves to emphasize further the scope and 
the research interest that this field com- 
prises. “ 


Fungus. The part fungus plays in 
electrical research is an important one. 
The types of fungus are numerous as ex- 
periences in the South Pacific have shown. — 
Fungus eats up the electrical insulation 
and in some cases reduces the nominal 
20-year-life period to a few days. The 
problems engendered by this condition 
are manifold. They consist of finding ef- 
fective fungicides or of developing insula- 
tion that is inherently fungicidal in char- 
acter, as well as developing, in the labora~ 
tory, service simulative testing procedures. 
Presence of moisture has been found to 
be important in supporting the growth of 
fungus. Hence the normally important 
problem of moisture-resistant shipboard 
equipment and material takes on an added 
significance where climatic conditions are 
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Figure 4. Magnet-wire insulation ~ 


such as to encourage fungus growth. Our 
studies in this connection comprise a 
study of the effect of different fungicides on 
various fungus cultures, while at the same 
time retaining good electrical properties 
in the material. 


Glass Jewel and Vibration Test. A 
large number of electric indicating instru- 
ments are used aboard naval ships where 
the conditions of continuous vibration and 
intermittent shock tend to reduce the ac- 
curacy seriously by attacking the instru- 
ment bearing, one of the most vulnerable 
points in the instrument design. These 
bearings formerly were imported natural 
sapphires, but during the war emergency 
the industrial field developed synthetic 
sapphires as well as specially treated glass 
jewels to meet the needs of the Armed 
Forces. Much has been learned of jewel 
performance as a part of the electric- 
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Figure 6. Copper- and silver-plated insu- 
lating plastics 


instrument design and much of the infor- 
- mation has been made available by testing 
on the vibration-test stand. The particu- 
lar jewel bearing illustrated in Figure 3 is 
glass and is slightly larger in actual size 
than a pinhead, 

The electric indicating instrument of 
which this jewel bearing is a part is tested 
on a vibration machine. The frequency 
and amplitude of the vibration are adjust- 
able up to 2,000 cycles per minute and 
1/16-inch or 1/8-inch total travel. The 
movement of the mounting plate that holds 
the test sample is such as to simulate that 
existing aboard a ship or plane. It is 
possible by adjustment of the frequency 
and amplitude to observe the performance 
of the test sample at its natural period or 
resonance condition. 


Mica. Mica is a dielectric material 
that has been invaluable for electrical ap- 
plications requiring inorganic materials. 
It has been used for a number of years but 
the demand for this type of insulation is 
still practically undiminished. World 
War II in no way reduced the require- 
ments for electrical purposes but, instead, 
brought to the fore the fact that even more 
use must be made of materials available 
during a period of critical shortage in 
order to supply the quantities desired, and 
that more accurate measurements must 
be devised for determination of electrical 
quality. In the past, color has been one 
of the criteria used to select mica quality 
for electrical applications. It now has 
been determined through the use of more 
accurate methods of measurement that 
color in itself may not be truly indicative 
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of performance iinieatons of the ma- 
terial. The answer which has developed 
along these lines has been the result of 
joint research work on the part of the 
Armed Forces and outside laboratories. 
This is a demonstration of the results of 
research that have been useful in provid- 
ing a wartime answer by the reduction of 
the critical status of electrical insulating 


‘materials through refined measurement 


methods and consequent use of greater 
quantities of the available material. 


Magnet Wire. Figure 4 is an illustra- 
tion in applied form of an insulating film 
which has been subjected to thousands of 
hours of heat endurance in order to deter- 
mine its operation limitations. While 
the cracks that are observed are not in 
themselves an accurate measure of failure, 
they are a true indication of the approach- 
ing end of useful life if the end of life is 
defined in terms of low dielectric strength 
or low insulation resistance at high- 
humidity conditions. Research has been 
extensive in the direction of increased life 
for insulating varnishes that are required 
to operate at excessive temperatures, high 
humidities, and exposure to oil and grease. 
There is also the problem of considerable 


’mechanical dimensional change in the 


electric machinery occasioned by the ex- 
tremes of high operating temperatures and 
low temperatures while idle. This mag- 
net-wire illustration is a specific applica- 
tion of what might be termed a particular 
type of synthetic resinous varnish applied 
in thin film form. Much work has been 
and is being done on magnet-wire insula- 
tion as it forms the basis for electric-ma- 
chinery design and the continued depend- 
ability of this machinery aboard ship 
where it is vital to the effectiveness of the 
vessel as a combatant unit. 


Application of Statistical Analysis to Elec- 
trical-Engineering Research. Table I 
shows an apparently simple tabulation of 


I I 
Position (A) (B) | (A) (B) 
1 42.13 22.79 | 60.00 39.23 
32.46 49.62 
2 56.79 33 e210 sl, 50-77, 36.27 
45.00 43.52 
3 39.23 22.79 | 68.61 33/21 
31.01 50.91 
4 56.79 30.00 | 67.21 26.56 
' 43.40 46.88 
5 30.00 33.21 | 45.00 42.13 
31.60 43.56 
Average | 44.99 28.40 | 58.32 35.48 
36.69 46.90 
Sx2 
Total. . enn C37 Ti LISO: emer 
Companies (Sy OR Re aS, ae D038), 597 Gis chen 
Machines (MM) cesay caste asthe 796.0864, 050... 
Positions (GP) sina. deaseatte 234i 829 tin eee 
GMS ret ar tie me ae hee Med 1110565 eo ete 
CXE aaa, dene eee 1218/4119, 0 7 
MXP 6 Aaah els Sines viepie etre Matola 163 436 Peeet ee 
GRADES , ses ctick metas osm ce 214 BTS erecta. 
* Significant. ** Highly significant, 
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numerical values that is potential 
spectacular in its significance in research 
and the extension of the research horizon 
than any of the material manifestatic 
that previously have been discussed, T 
particular table is a summarization of 
data taken with a particular type of t 
machine and representative of a ce 
product of two manufacturers. The 
problem was to measure the relative q 
ity of the two products on several test 
chines of identical designs. The enginee 
attack on such a problem would be to tal 
late extensive data by repetitive 
and then to analyze the information fo 
significant variation in performance 
indicated by a measure of the numbe) 
failures. The mathematician, howevs 
observes that a multiplicity of variai 
occur simultaneously to effect the fi 
results and to the extent that it is beyond 
the capacity of human physical conception 
to separate effectively the significant 
values. \ =f} 

He observes, for instance, after consulta- 
tion with the research engineer that, for _ 
the particular test illustrated, the following 
factors vary simultaneously: 


1. Variation in the manufacturer’s product. 
2. Variation in testing machines. / 


3. Variation in test results due to difference 
of mounting location on the test machine. 


There are added variations over and 
above the main effects such as factors 1, 2) 
2, and 3, which result from interactions 
between these factors. These, when the 
exist, are independent of the main effects, 
If left undetected in the experiment thet 
researcher has that feeling that is persist- 
ently present when data have been 
analyzed; that is, if one more test had 
been conducted the complete answer would — 
be forthcoming and conclusive. The use 
of this statistical procedure obviates such” 
feeling of frustration. ~ 
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Il Lt on ais Ri “Average: 
(A) (B) (A) (B) (A) : 
56.79 50.77 | 45.00 36.27 | 50.98 

53.78 40.64 44.12 | 
56.79 39.23 | 63.44 45.00 | 56.95 

48.01 54.22 47.69 
53.73 26.561 54.76 22.79 | 54.08 

40.14 ' 38.78 : 
60.00 36.27 | 53.73 30,00 

48.14 41.86 
47.87 53.73 | 47.87. 47.87 

50.80 AT 87 eae 
55.04 52.96 

48.17 44.67 

DF ‘M, 
yc38 
Re i Ne te 5 30383976 
We ait 265.3621 . 14. B19 
Ee ee see eee 58.7055 3.278% 
TERED tai 6 37.0188 2.067 
Tae. ee eee 304.6029..5..5101.400m 17.011°* 

. 1S ae a 63.6286...... 3.553" 
POR ae mee 17.9067 cies 
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Figure 7. Explosion-proof electric-equip- 
ment testing chamber 


The net result in this instance demon- 
strated a consistent difference in quality 
between the two products and a more 
marked effect on one product for one par- 
ticular mounting location although a con- 
sistently more severe test condition for 
both products for this same test location 
on the machine.‘ 


Arc-Resistance Analysis. A more com- 
plex application of the statistical-analysis 
procedure shown in Table I involves 
second-, third-, fourth-, and fifth-order 
interactions where interactions are defined 
broadly as the number of result changing 
forces that are working simultaneously to 
produce a composite end result. This is 
illustrated in Table IT. 

This procedure applies not only to re- 
search but to repetitive test problems in 
standardization. 


Arc Test. Figure 5 shows the test ap- 
paratus employed to obtain the results for 
the statistical analysis. The arc resistance 
of a material or the resistance of a material 
to tracking is very important in many 
applications in electric equipment. Nu- 
merous methods have been proposed and 
finally one has been adopted by general 
usage. This method consists of an arc of 
ten milliamperes from a 15-kv transformer 
between electrodes 0.32 inch apart. The 


arc is applied intermittently to the sur- 


face of the material until a conducting path 
is formed on the material as indicated by 
the transfer of the arc from the air to the 
material. 

Although this method has been in gen- 
eral use for 10 to 15 years, a recent test in 
a number of laboratories on identical ma- 
terials indicated that the variation in re- 
sults between laboratories was greater than 
the variation between materials, 

Closer study of the method used in the 
warious laboratories disclosed a number of 
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factors which may contribute to the lack 
of reproducibility and the significance of 
this test procedure. 


Plated Plastic. | Figure 6, when con- 
sidered in connection with Figure 5 de- 
picting arc resistance of plastics, probably 
appears in the light of a paradox. The 
rods shown are insulating plastics with 
copper- and silver-plated films made up 
experimentally to determine the possi- 
bilities existing in using a molded insula- 
tion shape such as an instrument case with 
the shielding as an integral part of the case. 
It also may have possibilities as a reflecting 
surface in lighting fixtures. This latter was 
given some consideration during the 
critical-supply status of metals. This plat- 
ing of thermoplastic materials (those 


“softening when heated) is more simple 


than for the samples illustrated which are 
molded from the thermosetting resins. 


Flame Test. The flame-test method 
for testing flame resistance of dielectrics 
has been developed in order to evaluate 
performance characteristics accurately. 
This particular test is very familiar to 
engineers engaged in the design of cable. 
It is based on the measured and constant 
electrical input to the heater coil which, 
in combination with the sparking arrange- 
ment, will provide information showing 
time for ignition of the cable sheath and 
burning time. In a truly flameproof cable 
this burning time represents only that 
period for which the thermal capacity of 


the cable sample will cause combustible _ 


gases to be given off and ignited after re- 
moval of the heating source. In other 
words, the higher temperature necessary 
for burning the gases is maintained for a 
time by the thermal capacity or stored heat 
of the test sample and not by a sample that 
supports combustion. 


Explosion-Proof Electric-Equipment Test- 
ing. Figure 7 does not represent an 
execution chamber as it might appear at 
first sight. The figure is a dummy used 
in conjunction with an investigation to 
determine, in the installation of electric 
equipment in shipboard spaces where 
gasoline or other explosive vapors are pres- 
ent, whether a safe level could be found 

-where the hazard did not exist. The 
dummy was kept at body temperature 
and was moved about the compartment to 
simulate movement of shipboard personnel. 
The effect on the explosive vapor level or 
the explosive vapor—air concentration then 
was measured at different heights. The 
tests were conducted at the Navy portion 
of the Engineering Experiment Station in 
Pittsburgh, Pa. In addition to this specific 
work the shipboard requirements for ex- 
plosion-proof electric equipment have been 
developed as a result of research work at 
this laboratory. Such explosion-proof 
equipment in itself represents quite a 
broad field of investigation. 

A partial birdseye view, or, if you will, 
one facet of a many-sided picture has been 
presented. This view should indicate, 
rather than actually locate, the param- 
eters of electrical naval research. There 


Table II. Arc-Resistance Analysis 
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Ten First-Order 


Ten Second-Order 


Five Third-Order One Fourth-Order 


Five Main Effects Interactions Interactions : Interactions Interaction 
(C) CXE EXB CXEXH CXBXF CXEXHXB CXEXHXBXF 
(E) CXH EXF CXEXB EXHXB CXEXHXF 
(H) CcXB HXB CXEXF EXBXF CXEXBXF 
(B) CXF HXF CXHXB EXHXF CXHXBXF 
(F) EXH BXF CXHXF HXBXF EXHXBXF 
© Electrode condition cleaned or uncleaned. (A) Humidity condition. (F) Type of filler. 
(E) Electrode mechanical condition. (B) Type of binder. 
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are many aspects of the work that have not 
even been approached, and this is espe- 
cially true of that portion maintained in the 
confidential or secret classification for 
security reasons. A very few of the 
many important and interesting things 
that form a part of the total picture are 
indicated in the five following examples: 


1. The design and installation of a short- 
circuit test station which will make available 
current of 100,000 amperes three-phase al- 
ternating current, 450 volts or 50,000 am- 
peres, 250 volts direct current. The approxi- 
mate maximum timing period for each is 
eight cycles. 


2. The subject of electronics which is a 
field within itself and is far beyond the scope 
of the present discussion. — 


Fog Dispersal at British Airfield — 


squadron of bombers took off from 
an airfield in England in December 
- 1944 when the visibility had been cut to 
about 100 yards by a fog blanket. Return- 
ing from a successful mission, they landed 
safely when the visibility of the area was 
only 50 yards. 
enemies—fog—had been demonstrated to 
be impotent. How this seemingly im- 


possible feat was accomplished is told by . 


__ A. C. Hartley, technical director, Britain’s 
- Petroleum Warfare Department, in the 
September 1945 issue of Civil Engineering. 
Actually, the runway is converted into a 
huge brazier whose heat lifts fog in the 
area over and adjacent to the landing 
strip. 


This operation, developed by British — 


engineers, meteorologists, scientists, and 
pilots, is called “Fido,” standing for fog 
investigation dispersal operations. In a 
race against time for the lives of Allied 
pilots, many experts were brought to- 
gether, and charged with finding a solu- 
tion to the perplexing problem, sparing 
no cost. The objective was to clear of 
fog a space 1,000 yards long by 150 feet 
wide to a height of 100 feet, 500 yards of 
the cleared space to be in the approach 
and 500 yards on the runway. 

Research and experiment went on 
simultaneously. The methods considered 
included the use of supersonic waves, 
electrical discharges, absorption of mois- 
ture by chemicals, drying by refrigeration, 
and outdoor air-conditioning apparatus. 
From the outset, however, the dispersal 
of fog by heat promised the greatest suc- 
cess. Fog chambers were erected and 
large-scale heat-producing _ installations 
assembled in fog-ridden districts while 
Royal Engineers constructed and manned 
a special mobile installation to be sent 
wherever fog was reported. ~ 

The first success came November 4, 
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One of aviation’s worst 


3. The study of electric-propulsion systems: 


for different types of warcraft and representa- 
tive of one of the phases of electrical research 
having a broad engineering aspect. 

4. A program for the preservation of inac- 
tive ships which is a most significant phase of 
naval research with particular reference to 
the optimum conditioning that should be 
maintained in order to prevent deterioration 
in quality of the electrical insulation. This 
preservation program is a major postwar 
consideration. 

5. The problems arising out of loss of sources 
of supply for raw materials used in electrical 
applications, such as tin, rubber, nickel, and 
the limited quantities of home materials avail- 
able, where a shortage is created by wartime 
increase in amounts required for other than 
electrical purposes. This factor imposed a 


* 


1942, when on Moody Down, Hampshire, 
a fog of 50-yard visibility was cleared by 
petroleum burners in an area 200 yards 
square to a height of 80 feet. The same 
day an even denser fog was cleared at 
Staines, down wind of a line of braziers 
burning hundreds of tons of coke. Parallel 
experiments proved petroleum more suc- 
cessful than coke, though it produced 
more smoke. It lit up quicker, involved 
less manpower, and easily could be piped 
to the site by linking the countrywide net- 
work of pipe lines. 


By January 1943, experimental large- 


scale runways had been constructed to 
which the Fido team hastened whenever 
they received special fog warnings— 
usually in the small hours of the morning. 
It was discovered that if the heat of the 
atmosphere could be raised seven degrees 
Fahrenheit the fog disappeared. This 
heat is provided by a continuous line of 
petroleum burners installed parallel to, 
and some distance from, each side of the 
main runway. The height of the clear- 
ance depends upon the wind and the 
moisture content of the fog. In extreme 
conditions, such as cloud or sea fog and 
high winds, it is difficult to get good clear- 
ances up to 100 feet, but in calm weather 
with radiation, fog clearances of more 


’ than 500 feet have been obtained. 


Standard fog-dispersal installation con- 
sists of three main portions—burner lights, 
pumping and. distribution, and storage. 
On the initial light-up, much smoke is 
created, but this quickly clears as the 
petroleum vaporizes. In normal condi- 
tions, the fog can be cleared in ten min- 
utes. It has been cleared in six minutes, 
When intersecting runways are crossed, 
a burner pipe sunk flush with the ground 
1s necessary to avoid obstructing the air- 
craft. This is supplied by a separate 
vaporizing unit. The main fuel-handling 
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_ with crews of more than 10,000 air 


a, 


severe burden on, and at the same 
stimulated electrical research in the N: 


This article will have served its purp 
if it is thought provocative to the 
that it conveys an idea of the scope a1 
magnitude of problems encountered i 
naval research. The picture as presente 
is admittedly only a small part or one face 
of a many-sided total and is necessarily 
viewpoint that primarily relates to shi 
board material. It has, however, bee: 
objective throughout the presentation t 
express it in the common language of re 
search which links together the members 
the electrical-engineering profession 
gardless of their immediate field of 
plication. re 


pumps are six gasoline-engine-driven cen= 
trifugal pumps connected to the sup 
main from the storage tanks. The pe 
troleum is stored in steel tanks. The in- 
stallation is manned by one Royal A 
Force sergeant, three corporals, and 
aircraftsmen. It is estimated that “Fic 
used up 100,000 tons of gasoline in t 
and one half years—6,000 gallons per air- 
craft landed. wast FO xgak i 
The first experimental operational in- 
stallation was erected on a Pathfinder aii 
field in February 1943, though it was no 


took off and landed four times, 
Fido’s future was assured. It was be 
tablished on a number of airfi 
eastern and southern England, ir 
the Suffolk rescue station, where hu 
of lame and disabled planes, Americ 
well as British, were brought in. — 
After months of experiment, Fido 
brought into operational use on Nove 
ber 19, 1943. On that day, four Hali 
bombers landed successfully on ret 
from the Ruhr, when the surroun 
visibility of the airfield was only 
yards, because ten minutes after Fic | 
been lit, visibility on the runway increased 
to the equivalent of from two to four mile 
Since then more than 2,500 Allied 
have landed safely—often in dense 


About 500 men composed the | 
team, including scientists, a departm 
staff of about 50 Royal Engineers, wh 
had the distinction of making the first fo 
clearance in Hampshire, about 40 Roya 
Air Force ground staff, engineers, and co i 
tractors’ men. The Bomber Command 
loaned experienced pilots and mete 
gists, . 
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‘Statistical Methods in Quality Control 


V. Variations to Be Expected in Sampling 


HENEVER we take a random 

sample of articles from a batch 
of product and measure them for some 
quality characteristic, we do not expect 
the results to be exactly the same as 
for the entire batch. .The smaller the 
sample, the more widely may the observed 
results differ from the true. It can be 
shown that the magnitude of expected 
sampling errors (differences between 
sample values and true values) varies in- 
versely as the square root of the number of 
articles in the sample. 

Take as a particular example the plate 
current of a vacuum tube. In preparing 
to manufacture the tube, the producer 
sets up a production process involving ma- 
terials, machines, and workmen. There 
results a complex system of causes, each 
element contributing to the variations that 
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Figure1. The effect of sample size on the 
distribution of sample averages 


will be observed in the measured values of 
plate current for the individual tubes. If 
each of the causes of variation continues 
to have the same probability of contribut- 
ing a given effect, the quality with respect 
to plate current may be said to be con- 
trolled in the technical sense. The cumula- 
tive effect may be represented by an over- 
all frequency eppation such as is shown 
in Figure 1. 

As indicated in an earlier article of this 
‘series, this frequency distribution may be 
regarded as a statistical representation of 
the entire production process and may be 
described by such statistics as the average, 

’, the standard deviation, o’, and the 
fraction defective, p’, the proportion falling 
outside the specified limits. It is always 
helpful to keep in mind that behind the 
Scenes there exists some such frequency 
distribution with some definite set. of sta- 
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This article discusses the chance 

variations to be expected in ob- 

served averages, standard devi- 

ations, and so forth, when the 

quality of a product is measured 
by samples. 


tistics (X’, o’, p’) which represent the 
process at any one time. 

Suppose we had such an idealized con- 
trolled process. ‘Then, so long as the proc- 
ess remains the same, we can predict on a 
probability basis just how the results of, 
say, samples of 100 tubes, samples of 25 
tubes, or samples of 4 tubes would be- 
have; how these results would differ from 
the corresponding true distribution curve. 
_ To do this, we find it convenient to ex- 
press the collective plate current measure- 
ments for a sample of n tubes in terms of 
these same simple statistics: the average, 
x; standard deviation, o, or the fraction, 
p, of the total observations that fall outside 
the specification limits, 

The solid curve of Figure 1 represents 
the distribution of plate current values for 
individual tubes, and the dotted curves 
indicate the distributions to be expected 
for averages of samples of 4 and samples 


of 25. From this it is seen that the larger 


the sample, the more closely may the 
observed sample average be expected to 
approximate the true average, X’, of the 
process, the spread being inversely pro- 
portional to the square root of he sample 


: size. 


- This, perhaps, may be seen more clearly 
pe Figure 2, in which the distribution is 
tipped over on its side and the measure- 
ment scale drawn vertically. In Figure 2 
we consider successive tubes or successive 


‘samples of tubes coming from such a proc- 


ess. For successive individual tubes prac- 
tically all of the measured values may be 
expected to fall within the band X’=b30’. 

In like manner the observed values_ of 
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sample averages (X), for successive samples 
of n tubes will fluctuate around the érue 
value for the distribution curve represent- 
ing the process. The figure indicates, for 
example, the range within which prac- 
tically all (theoretically 99.7 per cent) of 
the averages for samples of stated size will 
fall under these controlled conditions. 
The dotted lines shown on the figure are 
determined from the relation 


Limits for sample Sree (X)= 


Vn 


We can say, for example, “Jf the process 
is controlled in the foregoing sense, and has 
an average, X’, and a standard deviation, 
o’, then practically all the individual ob- 
served values will fall within the band 
X'+30', practically all averages of random 
samples of size four will fall within a band 
only one half as wide, and for samples of 
25 only one fifth as wide. 

Similar charts could be drawn for sample 
standard deviations (¢) and for sample 
values of fraction defective, (p), in which 
case 
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Limits for sample standard deviations (¢)= — 


o’ 
a/ 2n 
where ¢, is a constant dependent on sample 
size: 


Cog’ &3 


c2=0.798 forn= 4 
=0.970 for n=25 
=1.0 for all practical purposes for 2 
greater than 25 


Limits for sample fraction defective (p) = 


p' +3 ip’ (1—p’) 
: n 


This gives a rather general law of sam- 
pling, namely, that the variation of sample 
value of X, o, and is inversely propor- 
tional to the square root of the sample 
size, n. 
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Figure 2. Variations in individual values and in sample averages 
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All of this represents ideal conditions. 
It assumes a controlled process, but, at 
the same time, it does provide a basis that 
is useful in setting up criteria in reference 
to the following: ; 

1. For judging the degree of control or 
stability of a process. 


2. For controlling the process through fre- 
quent periodic samplings. 


The dotted lines shown in Figure 2 are 


similar to control limits of control charts 


that are to be discussed in subsequent 
articles. They are limits within which 
“practically all’ of the plotted points 
should fall when everything is running all 
right. Accordingly, when - the plotted 
point for a sample falls outside the dotted 
lines, this may be taken as an indication of 
a findable cause of a change in process and 
can be used as a criterion for some action 
such, for example, as stopping the machine 
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when the ‘control chart is being used { or 
process control. 
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Electrical Essays for Recreation 4 


-The following essays are presented for 
the recreation of the reader. The author’s 
challenge to the reader is: Can you find 
the error in the reasoning accompanying 
the various examples? 


MOTOR WITH NO FRAME REACTIONS 


Figure 1 shows a bar magnet with a wire 
placed perpendicular to the magnet and a 
distance from the NV pole. If the wire car- 
ries a current 7 in the direction indicated 
by the arrow there will be a force on the 
wire out of the page. The reaction on the 
WN pole will be into the page. These forces 
produce a couple and if the wire is bent as 
shown and placed in bearings the 
U-shaped wire will tend to turn toward the 
reader and the magnet will tend to move 
away from the reader. Therefore if the 
magnet is fastened to the wire, say by 
some plastic material, the combination 
will rotate and supply a load. 

An application for this type of motor 
would be the driving motor for a torpedo. 
The torpedo then could be fitted with 
only one propeller with no tendency for 
the propeller to remain stationary and let 
the torpedo rotate. 


PARALLEL CIRCUIT PARADOX 


Consider the circuit of Figure 2. A 
one-ohm resistance is connected in series 
with a rectifier. A similar circuit is con- 
nected in parallel with the first so that the 
rectifiers will permit current through the 
circuit in both directions. If the total 
alternating current is adjusted to ten 
amperes then the current in each branch 
will be five amperes. If the drop in the 
rectifier is neglected the effective voltage 
across each parallel branch is five volts 
and therefore the total voltage is also five 
volts since each branch of a parallel cir- 
cuit is subject to the total voltage. 

However, during one half cycle the 
current is in one one-ohm resistor, and dur- 
ing the other half cycle the current is‘in 
the other one-ohm resistor. Therefore the 
circuit behaves as though the alternating 
current were in one i-ohm resistor. 


Hence the total voltage is ten instead of 
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the five obtained in the foregoing discus- 
sion, 


A PERPETUAL-MOTION MACHINE 


This machine depends for its action on 
what is known as retarded potentials. ‘The 
idea may be illustrated in connection with 
the stars. The star Arcturus is 40 light 
years away. It is so far away that it takes 
40 years for the light emitted by it to reach 
us. When we look at it we do not see it 
where it is now but where it was 40 years 
ago! Light waves and electric-field and 
magnetic-field disturbances are propa- 
gated with the same finite velocity, about 
186,000 miles per second. 

Consider a positive charge g’ and a 
negative charge —gq placed r meters apart, 


Figure 3a. The attraction of one to the 
other is given by the formula 

2 
Fa 

i | (1) 


where F is in newtons, g in coulombs, r in 
meters, and k is the dielectric constant of 


the medium in meter-kilogram-second — 


units. 

Now suppose the negative charge is 
moving downward as indicated in Figure 
3b. The negative charge is attracted to 
the positive charge by the force 
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exerted to the left. The positive charge i 
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directed to the point where the negativ 
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Figure 4 


charge was an instant before, just as we 
see Arcturus where it was 40 years ago. — 

Now for the machine itself. Figure 4 
shows the construction. It consists of two 
insulated electrodes placed at the ends of 
a bar that is pivoted at its middle. A 
charge is placed on each electrode, one 
positive, the other negative. The bar is 
rotated about the pivot. When the speed 
of rotation has been increased sufficiently 
the positive charge will be attracted 
toward the point where the negative 
charge was an instant before as shown by 
the arrow marked F in Figure 4. Simi- 
larly the negative charge is attracted 
toward the point where the positive 
charge was an instant before. The tw 
forces shown in Figure 4 produce a coup! f 
in the direction of rotation and will ov 
come the friction of the pivot and enable 
us to obtain power from the shaft. — A 


HARRY SOHON (A’28, w34 

’ > . 
(Advanced-development engineer, Radio Corporation 
of America, Camden, N, J.) 
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25th Anniversary of Radiobroadcasting 


: ILL ANYONE hearing this broad- 

cast communicate with us, as we 
are anxious to know how far the broadcast 
is reaching and how it is being received.” 
These words repeatedly came out of the 
air on the night of November 2, 1920— 
election night—interrupting the first 
scheduled broadcast made from the first 
established radio station, KDKA, Pitts- 
burgh, Pa. ; 

The chronology of events in the radio 
field since that fateful night reveals such 
wonderful achievements that it is difficult 
to believe that today’s billion-dollar-a-year 
industry with a radio set for every two 
people in the United States, had its humble 
beginnings in an improvised shack atop 
one of the buildings of the then Westing- 
house Electric and Manufacturing Com- 
pany, East Pittsburgh, Pa. The station 
could boast of no studio but had one room 
accommodating the transmitting equip- 
ment, a turntable for records, and a small 


staff of announcer, engineer, operator, — 


and telephone-line handler. 

_ Broadcasting began at six o’clock on 
that November night and continued until 
noon the following day, even though the 
election returns had been given as final the 
previous night when Candidate Cox had 
acknowledged defeat and conceded victory 
to Senator Harding. Throughout that 
stormy night, while the usual crowds 
stood before outdoor bulletin boards to 
see the returns, others were hearing the 
same returns in the comfort of their homes 
with crystal sets and earphones. In be- 
tween announcement of returns music 
occasionally was injected. 

The broadcast was a national sensation, 
acclaimed by newspapers all over the 
country. People telephoned for more 
news and less music. One report came 


from H. W. Irving, now transmitter super- 
visor at KDKA, Working as a Merchant 
Marine radio operator assigned to the 
United States Army transport, Antigone, 


* 


_ Figure 1. é First broadcasting studio (1921) was in a tent 


OcToBER 1945 


History and events that led to 
the first scheduled broadcast of 
November 2, 1920, from the first 
established station, KDKA, Pitts- 
burgh, with some interesting 
side lights, are discussed in 
this article on these two silver 
anniversaries, 


he heard the program off the Virginia 
coast while en route with troops from 
Puerto Rico to New York. 

But none of the comments sent in en- 
visaged the future possibilities of this dis- 
covery nor could any seer of the 20’s in his 
wildest flights of imagination have prophe- 
sied the developments that followed that 
broadcast, such as the extension of opera- 
tion to higher and higher frequencies, the 
electronic television pickup or the develop- 
ment of the thermionic vacuum tube which 
eliminated the need of batteries and made 
possible operation of radio receivers from 
ordinary house current. 

The construction of KDKA, begun only 
one month prior to the election, was en- 
trusted to the late Frank Conrad (A ’02, 
F °37) then assistant chief engineer of the 
Westinghouse Company and an enthusi- 
astic radio amateur. The first KDKA 
license was issued October 27, 1920, and 
call letters were assigned from a roster 
maintained to provide identification for 
ships and shore stations, these being the 
only regular radio services then in opera- 
tion under formal license by the Federal 
Government. Assisting Doctor Conrad in 
his work was his long-time friend and co- 
worker, D. G. Little, former Kalamazoo, 
Mich., radio “ham” and at present con- 
sulting engineer in the Westinghouse in- 
dustrial electronics division at Baltimore, 
Md. Mr. Little had been tinkering with 
vacuum-tube radio since 1910. 
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The story goes that Frank Conrad first 
had become interested in radio in 1915 
when to settle a $5 bet on the accuracy of 
his $12 watch he had built a small wireless 
receiver to hear time signals from the 
Naval transmitter at Arlington, Va. In- 


trigued by his new hobby Doctor Conrad — 


turned next to the construction of a trans- 
mitter which he installed on the second 
floor of a garage at the rear of his residence 
in Wilkinsburg, Pa. First official record 
of this station appeared in the August 1, 
1916, edition of the Radio Service Bulletin 
issued monthly by the Bureau of Naviga- 
tion of the United States Department of 
Commerce. Shortly thereafter security 
precautions, necessitated by the entry of 
the United States into World War I, 
brought about the cancellation of his 
station licensed as 8XK along with all 
amateur licenses. However, the ban was 
lifted in October 1919, and on October 17 
of that year Doctor Conrad delighted 
“hams” with a phonograph-record con- 
cert. He had been bored with the monot- 
ony of radio messages discussing the kind 
of equipment being used, and began to 
substitute music for voice. The music de- 
lighted and amazed amateurs who became 
convinced that music really could be 
transmitted through space. So heavy was 
the demand for ‘‘more” that Doctor Con- 
rad was forced to announce that, instead 
of complying with each individual request, 
he would “broadcast” records for two 
hours each Wednesday and Saturday 
evening. This is said to be the first 


recorded use of the word “‘broadcast”? to ~ 


describe a radio service. These broadcasts 
soon exhausted Doctor Conrad’s supply of 
records and the Hamilton Music Store in 
Wilkinsburg offered a continuing supply 
of records if he would announce that the 


records could be purchased at that store, 


Thus sprang up the first radio advertiser. 
Meanwhile interest in these broadcasts 
was becoming so widespread that a station 


Figure 2. Transmitter used by Doctor Conrad in 1918 
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Figure 3. 


was authorized and a license application 
submitted October 16, 1920, and election 
night—only a little more than two weeks 
away—selected for the grand opening. 

For the first six months of its existence 
KDKA was a radio station without a 
studio. There had been little need for 
one, since all programs were originated 
either as phonograph records played on 
turntables in the tiny transmitter pent- 
house atop the East Pittsburgh plant, or 
from churches, theaters, hotels, or other 
remote points. However, in May 1921, it 
was decided that the program structure 
should include live band and orchestral 
talent as well as recordings, and the serv- 
ices of several musical organizations of 
Westinghouse employees were secured. 
First programs were broadcast from an 
auditorium at the plant, but room reso- 
nance was so great that engineers imme- 

- diately set about finding other facilities— 
a tent on a roof next to the transmitter 
penthouse was succeeded by an indoor 
studio at East Pittsburgh. 

Many of those connected with the pio- 
neer efforts of KDKA tell about the “‘grow- 
ing pains” of the station in those early days 
of broadcasting. Some recall the whistle 
of a passing freight train which in the days 
of the tent studio became a regular feature 


’ _ at each evening’s broadcast; others refer 


to the first Roger Babson’s broadcast when 
it was discovered at the end that the trans- 
mitter had not been operating; and still 
others tell of the occasion when the angry 
words of a tenor not in good radio taste 
were summarily taken off the air. 

These occurrences appear puerile in the 
light of the finished broadcasts of later 
days such as regular broadcasts of church 
services, important sports activities, market 
reports, news events, and subsequently all 
history-making events. ‘ 

With broadcasting well on its way late 
in 1920 Doctor Conrad again concentrated 
on his amateur station at Wilkinsburg. 
Like all amateurs, his 8XK operated in 
the short-wave band as these stations 
were not rated of sufficient importance to 
warrant places in the highly regarded 
standard band. The short-wave band, on 
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Early Westinghouse crystal-detector set 
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the other hand, was considered of little 
value, but Doctor Conrad did not share 
this sentiment. With considerable doubt 
in his mind about the generally accepted 
theories that the range of short waves 
definitely was limited Doctor Conrad be- 
gan experiments in the spring of 1921. 
Tests revealed that short waves, reflected 
by the Heaviside layer and other ionized 
strata of the earth’s rarified outer atmos- 
phere, bounce back and forth between 
these layers and the earth and can be 
received only in those places where they 
strike the earth’s surface. 
and as a result of these researches the 
short-wave band became the most useful 
in the electromagnetic spectrum. 

Another contribution to radio was 
Vladimir Zworykin’s (M’22, F’45) 
demonstration of an electronic-beam tele- 
vision pickup which led to the icono- 
scope and “kinescope”—standard tele- 
vision equipment today. =: 


Figure 4. First real studio at KDKA installed in 1922 . 


Shortly after 


-mation and delectation of listeners s 


1 
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The chronology of radiobroadcasi 
includes many interesting data and 

the story of many zealous experimenters 

and pioneers, some of whom are no g 

in the year 1945 to note the two silver 

anniversaries—one commemorating 


ber 2, 1920; the other marking establ 
ment of KDKA, Pittsburgh, pi 


because of them—those living and 
departed—who contributed no small 
to the development of radio, cultural, 
educational, social, and amusement pro- 
grams are being broadcast for the infor- 


tered about the world. Its benefits 
World War II can be stated best by t 
serviceman who “tuned” in on he 
programs, and in spirit, at least, joined 
the folks he left behind in an evening ; 

the radio. ; a 


Communications in Italy — 


Communications networks in Italy have 
been restored so effectively by the United 
States Army Signal Corps that all sections 
of the country now are linked together by 
adequate cable and wire facilities for mili- 
tary and occupational purposes, according 
to a report to the Chief Signal Officer from 
the Mediterranean Theater. The prewar 
Italian civilian wire-communications net- 
work was both extensive and diversified 
but, as the result of German destruction, 
rehabilitation was required on both inside 
and outside plants before much of that 
system could be employed. Combining 
Italian and American equipment into an 


efficient and reliable network presented . 


many technical problems. 

In many areas military requirements 
were of such a nature and extent that exist- 
ing civilian facilities were not adequate 


_from either the standpoint- of territory 


covered or the number and types of circuits 
available. Consequently, in addition to 
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rehabilitation of the civilian system, th 
Signal Corps was required to constr 
local and long-line facilities for exclusive 
military use. This objective was accom- 
plished by the addition of open-wire cir- 
cuits on reconstructed civilian routes and 
the construction of strictly military open 
wire and cable routes. : 

Due to the swiftness of the Allied break- 
through in Northern Italy, much of the 
Italian civilian system and the German 
military network in those areas was cap- 
tured before great destruction had been 
wrought through either battle damage or 
deliberate German demolition. Conse 
quently, through the utilization of skillec 
German prisoners of war, supervised by 
Allied communication personnel, much of 
the network in Northern Italy was m di 
available with a minimum of rehabilita 
tion and new construction. Some Germa 
installations now are operated by Ger 
personnel under Allied supervision. — 
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AIEE Officers to Be Nominated 
for 1946 Election 


For the nomination of officers to be voted 
upon in the spring of 1946, the AIEE nomi- 


nating committee will meet in New York, 


N. Y., in January 1946, The officers to be 
elected are: a president, a treasurer, three 
directors, and five vice-presidents, one from 
each of the odd-numbered geographical Dis- 


tricts. Fellows only are eligible for the office 


‘without voting power. 


of president, and Members and Fellows for 
the offices of vice-president, director, and 
treasurer. 

_ To guide this committee in performing its 
constituted task, suggestions from the mem-. 
bership are, of course, highly desirable.’ To 
be available for the consideration of the 
committee, all such suggestions must be re- 
ceived by the secretary of the committee at 
Institute headquarters, not later than De- 
cember 15, 1945. 

In accordance with the provisions in the 
constitution and bylaws, as amended during 
1935 and quoted in the following paragraphs, 
actions relating to the organization of the 
nominating committee are now under way. 
Constitution ; 

28. There shall be constituted each year a nominating 
committee consisting of one representative of each geo- 
graphical District, elected by its executive committee, 
and other members chosen by and from the board of 
directors not exceeding in number the number of geo- 
graphical Districts; all to be selected when and as pro- 
vided in the bylaws. The secretary of the Institute 
shall be the secretary of the nominating committee, 


29. The executive committee of each geographical 
District shall act as a nominating committee of the 
eandidate for election as vice-president of that District, 
or for filling a vacancy in such office for an unexpired 
term, whenever a vacancy occurs. 


30. The nominating committee shall receive such sug- 
gestions and proposals as any member or group of 
members may desire to offer, such suggestions being sent 
to the secretary of the committee. 

The nominating committee shall name on or before 
January 31 of each year, one or more candidates for 
president, treasurer, and the proper number of directors, 
and shall include in its ticket such candidates for vice- 


' presidents as have been named by the nominating com- 


“Mittees of the respective geographical Districts, if re- 
ceived by the nominating committee when and as pro- 
vided in the bylaws; otherwise the nominating com- 
mittee shall nominate one or more candidates for vice- 


_ president(s) from the District(s) concerned. ’ 


Bylaws 

Sec. 22. During September of each year, the secretary 
of the nominating committee shall notify the chairman 
of the executive committee of each geographical District 
that by December 15 of that year the executive com- 


. mittee of each district must select a member of that Dis- 


trict to serve as a member of the nominating commit- 
tee, and shall by December 15, notify the secretary of the 
nominating committee of the name of the member se- 
lected. 

During September of each year, the secretary of the 
Nominating committee shall notify the chairman of the 


executive committee of each geographical District in 


which there is or will be during the year a vacancy in the 
office of vice-president, that by December 15 of that 
year a nomination for a vice-president from that District, 
made by the District executive committee, must be in 
the hands of the secretary of the nominating committee. 
Between October 1 and December 15 of each year, 
the board of directors shall choose 5 of its members 
to serve on the nominating committee and shall notify 
the secretary of that committee of the names so selected 
and shall also notify the 5 members selected. ‘ 
The secretary of the nominating committee shall give 


_ the 15 members so selected not less than 10 days’ notice 
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of the first meeting of the committee, which shall be held 


_ not later than January 31. At this meeting, the com- 


mittee shall elect a chairman and shall proceed to make 
up a ticket of nominees for the offices to be filled at the 
next election. All suggestions to be considered by the 
nominating committee must be received by the secretary 
of the committee by December 15. The nominations as 
made by the nominating committee shall be published 
in the March issue of Electrical Engineering (Journal of 
AIEE), or otherwise mailed to the Institute membership 
not later than the first week in March. 


INDEPENDENT NOMINATIONS 


Independent nominations may be made 
in accordance with provisions in article VI, 
section 31, of the constitution and section 23 
of the bylaws, which are quoted below: 


Constitution 


31. Independent nominations may be made by a 
petition of twenty-five (25) or more members sent to 
the secretary when and as provided in the bylaws; such 
petitions for the nomination of vice-presidents shall be 
signed only by members within the District concerned. 


Bylaws 


Sec. 23. Petitions proposing the names of candidates 
as independent nominations for the various offices to 
be filled at the ensuing election, in accordance with 
article VI, section 31 (constitution), must be received 
by the secretary of the nominating committee not later 
than March 25 of each year, to be placed before that 
committee for the inclusion in the ballot of such candi- 
dates as are eligible. 

On the ballot prepared by the nominating committee 
in accordance with article VI of the constitution and sent 


_ by the secretary to all qualified voters during the first 


week in April of each year, the names of the candidates 
shall be grouped alphabetically under the name of the 
office for which each is a candidate. 


(Signed) H. H. Henline, 


Secretary 
October 1, 1945 
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The following abstracts of technical papers 


included in the fall program are in addition - 


to those published in the September issue of 
Electrical Engineering, pages 330-33. 


Statistical-Methods Applications 


45-142—Statistical Methods in the De- 
velopment of Apparatus Life Quality; 
E. N. Ferrell. 20 cents. Life tests on a new 
design of relay were so planned that the 
methods of statistical quality control could 
be used to separate assignable causes for 


-yariation from random causes for variation 


during life. The relays were inspected fre- 
quently at the beginning of the test and less 
frequently later. The results of these in- 
spections were plotted in the form of control 
charts. From a study of points outside 
control limits, improvements were made in 
the design, the method of manufacture, and 
the method of test. From a study of the 
control limits and the number of. points 
within them predictions were made as to the 
useful life to be expected. Simplified meth- 
ods used in recording and analyzing the data 
and in establishing trends are described. 


Institute Activities 


45-167—The Direct- and Quadrature- 
Axis Equivalent Circuits of the Syn- 
chronous Machine; A. W. Rankin (A’38). 
30 cents. The equivalent circuits of the 
synchronous machine are needed for the 
determination of the subtransient reactances; 
of damping and synchronizing torques; the 
design of damper windings, and for many 
other problems of a design or operating na- 
ture. This paper presents more complete 
and more exact direct- and quadrature-axis 
equivalent circuits than have heretofore been 
available. Formulas for all the per-unit 
impedances needed by the equivalent cir- 
cuits are derived and presented in this paper. 
These per-unit impedances are derived in a 
direct systematized form which eliminates the 
possibility of errors caused by inadvertent 
change of the base rotor currents. The per- 
meance coefficients needed by the reactance 
formulas are determined by means of a gap 
reluctance expression whose accuracy is 
proved by comparison with similar coeffi- 
cients evaluated from flux plots. Numerical 
values of these permeance coefficients are 
presented for a typical pole configuration. 
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45-168—Modern Practice in Power-Plant 
Auxiliary Equipment and Systems; H. WN. 
Muller, Jr. (M ’43). 15 cents. This paper hits 
high spots in the field of central-station auxil- 
iary practice. Subjects are selected to in- 
clude instances in which the design engineer 
may exercise judgment in choosing alternate 
items of apparatus, or in which specifications © 
may influence apparatus design by emphasis 
on particular requirements. The paper in- 
cludes discussions on several salient factors 
influencing motor design, a brief summary on 
present-day practice in the use of air circuit 
breakers and metal-clad switchgear, and a 
description of trends in power-distribution 
systems for central-station auxiliaries. Of 
interest is an analysis of the applicability of 
the secondary network system to auxiliary 
supply. A number of points that the design 
engineer should keep in mind when choosing 
the distribution system for power-plant auxil- 
iaries are listed and discussed. The different 


» forms that an auxiliary-system network may 


take are discussed with the object in mind of 
showing the extreme flexibility obtainable 
when this method of power supply to auxilia- 
ries is adopted. 


STANDARDSe eee 


Test Code for Synchronous Machines. 
A formally approved edition of the “Test 
Code for Synchronous Machines” now is 
available. This test code, issued in pre- 
liminary form in 1937, has been revised com- 
pletely by the subcommittee on synchronous 
machines of the AIEE committee on electric 
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machinery. It was approved in its final form 
by the board of directors on February 2G; 
1945. The code contains instructions for 
conducting the more generally applicable 
and acceptable tests to determine the per- 
formance characteristics of synchronous ma- 
chines. It includes performance tests for 
synchronous generators, synchronous motors 
(larger than fractidnal horsepower), synchro- 
nous condensers, frequency changers, and 
' rotary phase advancers. Copies of the code, 
number 503, may be obtained from AIEE 
headquarters, 33 West 39th Street, New 
York 18, N. Y., at a cost of 30 cents each, with 
the usual 50-per-cent discount to AIEE 
members on single copies. 


Condensing Steam Turbine-Generators. 
A joint committee of AIEE and American 
Society of Mechanical Engineers on steam 
turbine-generators has developed preferred 
Standards and Standards specification data 
for large 3,600-rpm three-phase 60-cycle con- 
densing steam turbiné-generators (larger 
than 10,000-kw rated capacity). The joint 
committee prepared the preferred Standards 


and these have been approved formally by ~ 


both the AIEE and the ASME. The Stand- 
ards specification data for generators was 
prepared by the AIEE group of the joint 
committee and approved by the AIEE board 
of directors on February 27, 1945. The 
Standards and the specification data cover 
both air-cooled and hydrogen-cooled units. 
Copies of the pamphlet, numbers 601 and 602 
containing both the Standards and the 
specifications, may be obtained from ATEE 
headquarters, 33 West 39th Street, New 
York 18, N. Y., at a cost of 60 cents each, with 
the usual 50-per-cent discount to AIEE 
members on single copies. 


AIEE Standard No. 45A Withdrawn. 
AIEE pamphlet 45A, a modification of and 
supplement to AIEE Standard 45, ‘““Recom- 
mended Practice for Electrical Installations 
on Shipboard,” as issued in revised form 
January 1, 1944, and to apply during the 
“national emergency” only, has been with- 
drawn as obsolete by authorization of the 
AIEE committee on marine transportation. 
This action is based on the fact that the re- 
strictions laid down by the War Production 
Board, which necessitated the issuance of 
45A have been removed and, in addition, all 
vessels now being constructed are not limited 
for use during the national emergency. A 
new edition of pamphlet 45, including all 
items covered in 45A which it has been 
agreed should be recommended as standard 
construction, is now in course of publication. 
It should be available in late October. 


A-C Power Circuit Breakers. By action 
of the American Standards Association as of 
May 16, 1945, an approved American Stand- 
ard for “‘A-C Power Circuit Breakers”’ just has 
been made available in pamphlet form. 
This Standard, C37.4 to C37.9, originally 
was published in proposed form in January 
1941 for trial use and study. On the basis of 
suggestions received during the trial period, 
principally from the protective devices com- 
mittee of AIEE, the proposed Standards were 
brought to their present approved form. 
C37.4 to 9 supersedes AIEE publication 19, 
**A-C Power Circuit Breakers’’ issued in 1943 
to provide for an interim standard. The new 
American Standard contains in the one pam- 
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phlet six sections as follows: *“A-C. Power 
Circuit Breakers,” C37.4; ‘‘Methods for 
Determining the Rms Value of a Sinusoidal 
Current Wave and a Normal Frequency Re- 
covery Voltage,” C37.5; “Schedule of Pre- 
ferred Ratings for Power-Circuit Breakers,” 
C37.6; “Operating Duty for Standard and 
Reclosing Service,” C37.7; “Rated Control 
Voltages,” C37.8; and ‘“Test Code for Power 


Circuit Breakers,” C37.9.- Copies can be ob- — 


tained from AIEE headquarters, 33 West 
39th Street, New York 18, N. Y. at $1.25 net 
(no discount to members). 


SECTION evveecee 


Montreal Electronics Group 


As a result of a questionnaire and an indi- 
cated request for such activity, a technical 
group for the discussion and study of indus- 
trial electronic equipment has been initiated 
by the Montreal Section. 

Two meetings have been held at which an 
agreement was reached on submitting a 
program for consideration. Discussions will 
include the following: 


(a). Some atomic theory pertinent to industrial elec- 
tronics. ' 
(6). High-vacuum-tube construction and characteristics 
(with reference to atomic theories). . 
(c). High-vacuum-tube applications. 

(d). High-vacuum-tube applications, 

(e). Low-vacuum-tube construction and characteris- 
tics. 

(f). Low-vacuum-tube applications. 

(g). Rectifier transformers. 

(hk). Light-sensitive devices. 


@). High frequencies, 


New York Lecture Courses 


Autumn lecture courses are being resumed 
by the New York Section, AIEE. One fea- 
ture of the curriculum is planned for engi- 
neers who want review of supplemental engi- 
neering training, and those preparing for pro- 
fessional license examination in NewYork and 
in New Jersey. The subjects covered are 
“motors,” “radar,” “induction and dielectric 
heating,” and a symposium will be held on 
“servomechanisms.”? 


PERSONAL eeeee 


1 


William Percy Dobson (A °13, M *19, F ’43) 
director of research, and head of the research 
and testing department, Hydro-Electric 
Power Commission of Canada, Toronto, On- 
tario, has been appointed 1945-46 chairman 
of the AIEE Standards committee of which 
he has been vice-chairman for the past year. 
He was born near Georgetown, Ontario, Can- 
ada, and was graduated from the University 
of Toronto in 1911 with a degree in electrical 
engineering. He joined the Toronto Hydro- 
Electric System after graduation and re- 
mained until 1912 when he was awarded a 
research fellowship by the engineering alumni 
association of the University of Toronto. 


Institute Activities 


‘Hydro-Electric Power Commission as la 


W. P. Dobson 


He spent 18 months investigating transient 
electrical phenomena on the high-voli 
power systems of the Hydro-Electric Powe 
Commission of Ontario and the Toro: 
Power Company. In 1914 he joined t 


tory engineer. During the period when 
commission’s systems were expanding raj 
he was active in high-voltage transn 
studies, and in the investigation of lig 
phenomena, grounding, and protecti 
systems. He has been active ip engin 
standardization for more than 25 years. 
ing as member of the Standards commi 
of the AIEE for the past seven years. He 
also vice-president of the AIEE Canada Dis- 
trict for 1926-27. He is chairman of 
Canadian Standards Association’s commi 
on the Canadian electrical code. In 191! 
organized the approvals laboratory of tl 
Hydro-Electric Power Commission for 1 
testing and certification of electric mate 
and equipment for fire and accident haza 
Later the Canadian Standards Associati 
assumed responsibility for this work on a1 
tional scale, and Mr. Dobson now ac 
chairman of the approvals division. 
Dobson also serves on technical commi 
of the National Research Council of Canada, 
and the American Society for Testing Ma 
rials. He is also identified with the On 
Association of Professional Engineer 
minion Council of Professional En: 
Engineering Institute of Canada; and 
representative of the Dominion Coun 
the 1944 negotiations between the Do 
ion Government and the engineering and 
allied professions. 


Dressel DeWitt Ewing (A’11, F ’21) head. i 
the school of electrical engineering, Purdue 
University, Lafayette, Ind., has been ap 
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pointed 1945-46 chairman of the AIEE com- 


_ mittee on-code of principles of professional 


conduct of which he has been a member since 
1942. Professor Ewing was born in Vanlue, 
Ohio, and was graduated with a degree in 
electrical and mechanical engineering at 
Ohio Northern University in 1906. His first 
engineering work was as a cable testman with 
the Central Printing Telegraph and Tele- 
phone Company, Pittsburgh, Pa. Shortly 
_ thereafter he joined the engineering staff of 
Missouri Pacific Railway, St. Louis, Mo. In 
the autumn of 1907 he returned to Ohio 
Northern University as an instructor in elec- 
trical and mechanical engineering. In 1912 
he became a graduate student and an assist- 
ant in electrical engineering at Purdue 
- University. A year later he was appointed 
assistant professor of electric-railway engi- 
neering there and in various capacities has 
continued to serve the university sincé’ that 
time. In his early years as a teacher, Profes- 
_ sor Ewing spent several summers with West- 
inghouse Electric and Manufacturing Com- 
pany on railway electrification projects. 
_ Subsequently, he worked as a consultant on 
rate cases. Professor Ewing has acted as a 
director of research on projects for railway 
associations and manufacturing companies, 
and is the author of many articles on electric- 
railway and power problems. For many 
years he has served as a member of the 
power-transmission and distribution com- 
mittee and of the way committee of the 
American Electric Railway Association, now 
the American Transit Association. He has 
served in various offices of the AIEE Central 
Indiana Section and has worked on the 
following committees: joint committee on 
welded rail joints, 1925-1933; electric weld- 


ing, 1932-44; power transmission and dis- | 


tribution, 1936-42; and transportation (land 
transportation) 1936-42. 


Morris Daniel Hooven (A ’24, M ’30, F *44) 
electrical engineer, electrical engineering de- 


partment, Public Service Electric and Gas 


Company, Newark, N. J., has been appointed 
1945-46 chairman of the AIEE technical- 
program committee of which he has been a 
member since 1942, and of the committee on 
award of Institute prizes. Mr. Hooven was 
born in Weatherly, Pa., May 30, 1897, and 
following studies at the Carnegie Institute of 
Technology, University of Vermont, and the 
Sheffield Scientific School, Yale University, 
was graduated from Bucknell University in 
1920 with the degree of bachelor of science. 
In 1913 he-was employed at Westinghouse 
Electric and Manufacturing Company, East 


M. D. Hooven 
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R, E. Doherty 


Pittsburgh, Pa., and intermittently from 
1914 to 1920 served as analyst and furnace 


‘chemist with the Carnegie Steel Company, 


Braddock, Pa. In World War I Mr. Hooven 
was in the United States Army Signal Corps. 
In 1920 he returned to the Westinghouse 
Company and a year later became manager 
of the radio department of the Robbins 
Electric Company, Pittsburgh, Pa. He 
entered the employ of Public Service Electric 
Company, Newark, N. J., in 1922 as one of 
the group engaged in the planning and de- 
sign of the 132-kv system. He handled mis- 
cellaneous assignments in transmission and 
substation work receiving the title of assist- 
ant transmission and substation engineer, ' 
electrical-distribution department, in 1939. 
Since 1942-he has been electrical engineer, 
electrical-engineering department. Mr. 


Hooven has been active in the work of the 


New York Section and served as chairman in 
1944-45. He has served on other industrial 
and professional bodies including Edison 


Electric Institute;. Institute of Radio Engi-. 


neers; Montclair Society of Engineers; and 
the American Standards Association. 


Robert Ernest Doherty (A °16, M ’27, F °39) 
president, Carnegie Institute of Technology, 
Pittsburgh, Pa., has been appointed chair- 
man of the AIEE Edison Medal committee 
for 1945-46. Born January 22, 1885, in Clay 
City, Ill., Doctor Doherty received the de- 
gree of bachelor of science from the Univer- 
sity of Illinois in 1909, that of master of 
science from Union College in 1920, and the 
honorary degrees of master of arts, 1931, 
Yale University, and doctor of laws from 
Tufts College and the University of Pitts- 
burgh, 1936. He was employed as a student 
engineer by the General Electric Company, 
Schenectady, N. Y., in 1909, becoming a 
designing engineer in 1910 and a consulting 
engineer in 1923. In 1931 Doctor Doherty 
was appointed professor of electrical engi- 
neering at Yale University, New Haven, 


'Conn., and in 1933 became dean of the 


school of engineering. He has been presi- 
dent of the Carnegie Institute since 1936. He 
has been active on various committees in- 
cluding the consultative committee on engi- 
neering, War Manpower Commission, 1942- 
43; and the advisory committee, Civil Ad- 
visory Council of the Office of Chief of Ord- 
nance. In 1937 Doctor Doherty was the 
recipient of the Lamme Medal. He is a past- 
president of the Society for the Promotion of 
Engineering Education and a former chair- 
man of the Engineers’ Council for Profes- 
sional Development. 


Institute Activities 


Charles Frederick Wagner (A’20, M’27, 
F’40) manager, central-station engineering 
department, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa., has been appointed 
chairman of the AIEE publication commit- 
tee for 1945-46. Born in Pittsburgh, Pa., on 
March 20, 1895, Mr. Wagner was graduated 
from the Carnegie Institute of Technology in 
1917 with a bachelor-of-science degree. His 
entire professional career has been with the 
Westinghouse Company which he joined in 
1918 after a year of graduate study at the 
University of Chicago. During this time his 
work has included research and development 
of mercury-arc rectifiers and inverter sys- 
tems; the study of transmission-system sta- 
bility and short-circuit transients; and the 
analysis of machine performance and high- 
voltage lightning phenomena. In 1938 he 
was appointed consulting transmission engi- 
neer, and in 1941 manager of the central- 
station engineering department. Mr. Wag- 
ner is chairman of the general-systems sub- 
committee of the ATEE power-transmission 
and distribution committee of which he is a 
member, and is a member of the planning and 
co-ordination committee, and the transformer 
subcommittee of the electric-machinery com- 
mittee. In 1938 he was awarded the best- 


,paper prize in engineering practice and in 


1943 the best-paper prize in theory and re- 
search as co-author of “Shielding of Sub- 
stations.” 


Alexander Maxwell (A’03, M’12, F’37) 
director of engineering, Edison Electric In- 
stitute, New York, N. Y., has been appointed 
chairman of the AIEE board of examiners 
for 1945-46. He has been a member of the 
board since 1938. Mr. Maxwell was born in 
New York, N. Y., in 1878. In 1894 he be- 
came an assistant in the laboratory and test- 
ing department of the Westinghouse Electric 
and Manufacturing Company, Newark, N. J., 
and from 1895 to 1924 he was associated with — 
the former New York (N. Y.) Edison Com- 
pany and predecessor electric lighting com- 
panies as assistant superintendent of opera- 
tion, in charge of the electrical and general 
laboratory and as engineer of distribution. 
Mr. Maxwell became an engineer for the 
National Electric Light Association, New 
York, in 1924 and continued with that 
organization until it was dissolved and suc- 
ceeded by the Edison Electric Institute. He 
was made director of engineering for the 
latter company upon its formation in 1933, 
This position includes supervision of the 
organized activities of the electric-light and. 
power-supply industry in the fields of engi- 
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neering and operating and allied managerial 
activities. Mr. Maxwell is a member of the 
AIEE Standards committee and was first 
chairman of the domestic- and commercial- 
applications committee. 


Robert Joseph Wiseman (A’16, M20, 
F 27) chief engineer, The Okonite Com- 
pany, Passaic, N. J., and Okonite-Callender 
Cable Company, has been appointed 1945—- 
46 chairman of the AIEE committee on 
power transmission and distribution. Doctor 
' Wiseman, born in July 1890 at Cam- 
bridge, Mass., was graduated from the 
Massachusetts Institute of Technology in 
1912 with the degree of bachelor of science 
in electrical engineering. In 1915 he re- 
ceived the doctor-of-science degree from 
the same university. From 1915 until 1917 
he was a member of the research staff of the 
Massachusetts Institute of Technology, Cam- 
bridge, and in the latter year accepted a 
position in the engineering department of the 
Western Union Telegraph Company, New 
York, N. Y. From 1918 until 1921 he served 
the National Conduit and Cable Company 
as wire and cable engineer. Then in 1921 
he became research engineer of The Okonite 
Company. Seven years later he was made 
chief engineer. 
served as research engineer of the Okonite- 
Callender Cable Company becoming chief 
engineer in 1928. Doctor Wiseman has been 
a member of several AIEE committees— 
research, 1931-39; instruments and meas- 
urements, 1937-39; application to marine 
work and marine transportation, 1937-43; 
board of examiners 1939-45; and power 
transmission and _ distribution, 1939-45. 
- He is an associate member, Institution of 
Electrical Engineers of England; member, 
American Society for Testing Materials; 
member, committee on insulation of National 
Research Council; member, advisory com- 
mittee on transmission and distribution, 
_ Edison Electric Institute; member, Ameri- 
can Institute of Mining and Metallurgical 
Engineers; member Electrochemical So- 
ciety; and past-president and secretary of 
Insulated Power Cable Engineers Associa- 
tion. He also has written papers on elec- 
trical insulation for electric-power cables. 


Walter R. G. Baker (A’19, M’41) vice- 
president in charge of the electronics depart- 
ment, General Electric Company, Bridge- 
port, Conn., has been appointed 1945-46 
chairman of the AIEE committee on elec- 
tronics. Mr. Baker was born in Lockport, 
N. Y., on November 30, 1891, and was 
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Also from 1924 to 1928 he. 


R. T. Henry 


graduated from Union College from which he 
holds three degrees including the honorary 
degree of doctor of science. He joined the 
research laboratories of the General Electric 
Company, Schenectady, N. Y., in 1917, and 
worked on vacuum-tube transmitters and re- 
ceivers. As the work increased a separate 
radio department was established, and he 
was made designing engineer in charge of 
transmitters. In 1924 his responsibility was 
further enlarged to include the design of all 
radio products, and two years later he was 
given complete charge of development, de- 
sign, and production. Under his super- 
vision some of the broadcast transmitters of 
the company were designed, and the South 
Schenectady developmental laboratory was 
designed and built. On the formation of the 
Radio Corporation of America and Victor 
Corporation in 1929, Doctor Baker went to 
Camden, N. J., to head the radio-engineering 
activities of the new organization. Within 


the year he was placed in charge of produc- 


tion, and later became general manager of 
the plant. In 1935 the General Electric Com- 
pany transferred its radio-receiver activities 
to Bridgeport, and there Doctor Baker re- 
sumed his connections with the company, 
being named managing engineer in 1936, a 
post he held until May 1939 when he was 
elevated to the position of manager of the 
radio and television department. In 1941 he 
was presented a gold escutcheon plaque by 
the Institute of Radio Engineers in recogni- 
tion of his work as chairman of the national 
television systems committee.- He is a mem- 
ber of the National Electrical Manufacturers’. 
Association, chairman of the Radio Techni- 
cal Planning Board, fellow of the Institute of 
Radio Engineers, and director of the engi- 
neering department, Radio Manufacturers 
Association. 


Raymond T. Henry (A’24, M’29, F’33) 


chief electrical engineer, engineering depart- - 


ment, Buffalo (N. Y.) Niagara and Eastern 
Power Company, has been appointed chair- 


man of the AIEE committee on the Charles - 


LeGeyt Fortescue Fellowship for 1945-47, 
For further biographical details see Electrical 
Engineering, March 1944, page 110. 


James Ferdinand Fairman (A’20, M°27, 
F 35) assistant vice-president, Consolidated 


Edison Company of New York (N. Y.), Inc., 


has been appointed chairman of the AIEE 
committee on planning and co-ordination, 
He has also served on the executive com- 
mittee, 1944-45 and finance committee, 
1944-45. Forfurther biographical details see 
Electrical Engineering, March 1944, page 110, 


vas eee 


Institute Activities 


“Mark Eldredge (A’14, F 


_ Corporation, Washington. Mr. Eldr 


_ Reclamation Service, Williston, 


_ Memphis in 1939, he became directo 


' the University of Pennsylvania. 


J. F. Fairman 


chief, military and industrial 
division, Office of War Utilities, W: 
duction Board, Washington, D. Cc 
chief, electrical equipment section, ‘ 
Surplus Property, Reconstruction F nan 
was born in Woodbury, N. J., and was 
ated from Worcester Polytechnic In y 
1906. He has been associated with m 

concerns, including General Electric 
pany, Schenectady, N. Y.,. United | 


and the Gilson Asphaltum Company, Dr. 

Utah. From 1911 to 1913 he was pro 
of electrical engineering in Ewing Colle; 
Allahabad, India. During World 
was commissioned a captain in the 
master Corps of the United States Ar 
returned to India in 1919 and was 

by the Ludlow Jute Company. In 19 

became chief engineer for the Mem 
(Tenn.) Power and Light Company. 
the company was purchased by the 
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tric division, Memphis Light, Gas and 
Department. In 1940 Mr. Eldredge be 
devoting his energies to various war agenc 
He has been active in AIEE affairs, and - 
served on many committees including 

constitution and bylaws, of which he h. 
a member since 1941 and chairman 
1944, and planning and co-ordination 
mittee, 1944-45. He was a vice-president 
1935-37, and a director 1939-43. : 


Harry Sohon (A’28, M43) formerly as- 
sistant professor of electrical engineeri 
Moore school of electrical engineering, 
versity of Pennsylvania, Philadelphia, 
been appointed advanced-development 
neer with the Radio Corporation of A: 
Camden, N. J. He was born in New 
N. Y., and was graduated from Cornell 
University as electrical engineer in 1 e- 
ceiving the degrees of master of electri 
engineering in 1930 and doctor of philosophy 
in 1932. Early in his career he served f 

short period in the test department of Genera! 
Electric Company, Schenectady, N. 
in 1930 he became instructor in electi 
engineering at Cornell University, Ith: 
N.Y. After his appointment as assistant 
fessor of electrical engineering there, 
followed by a short period in the same 
ity at the University of Connecticut, 
Doctor Sohon accepted the position of 
sistant professor of electrical engineering at 
He is the 
author of “Engineering Mathematics,” and 
prepared the electrical essays recently p 
lished. (EE, Aug.’45, p. 294; Oct.’45, p. 3 
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Ee H. Hill rn *22, F °38) formerly vice-presi- 
dent in charge of industrial relations, Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis., has resigned to become pub- 
lisher-of Electrical World and Electrical Con- 
tracting, published by McGraw-Hill Publish- 
ing Company, New York, N. Y. Mr. Hill 
was born in 1899 in Toms River, N. J., and 
was graduated from Cornell University with 
adegree in electrical engineering. From 1920 
until 1922 he was an instructor in electrical 
engineering at the university, and in the 
latter year became design engineer, trans- 
former-engineering department, Westing- 
house Electric and Manufacturing Company, 
East Pittsburgh, Pa. In 1928 he was named 


manager, transformer division, American — 


Brown Boveri Electric Corporation, Camden, 
N. J. He has been a member of the Allis- 
Chalmers organization since 1931 when the 
company took over the American Brown 
Boveri Company. Prior to becoming vice- 
president in charge of industrial relations, 
Mr. Hill was assistant manager of the elec- 
trical department. He holds approximately 
40 patents on electric machinery and is the 
author of a text on transformers. Through- 


out World War II, Mr. Hill was active on the 


War Labor Board and was President Tru- 
man’s first appointee as a full-industry mem- 
ber of the board. He is co-author of a re- 
cently published book “Management at the 
Bargaining Table.” 


B. K. Boulton (M °31) formerly superintend- 
ent of operation, 
Commission, Beauharnois, Quebec, Canada, 
has been appointed president, Wartime Hous- 
ing Limited. Mr. Boulton was born in Ot- 
tawa, Ontario, Canada, in 1903, and was 
graduated from McGill University with a 
degree of bachelor of science in electrical 
engineering in 1925. At first he was as- 
sociated with the Quebec Development 
‘Company, working at one time as engineer 
in charge of construction of the transmission 
system for the Duke Price Power. Company. 
In 1929 he joined the Beauharnois (Quebec) 
Construction Company and was put in charge 
of all electrical work in the construction and 
permanent electrical installation in the 
Beauharnois station. Mr. Boulton is a mem- 
ber of the Canadian Electrical Association, 


of which he is a past-chairman of the elec- . 


trical equipment committee; the Engineer- 
ing Institute of Canada; and the Corpora- 
tion of Professional Engineers of Quebec. 


Haraden Pratt (A 15, F ’37) vice-president 
and chief engineer, Mackay Radio and 
Telegraph Company, Inc., New York, N. Y., 
has been elected vice-president and chief 
engineer of All-American,Cable and Radio, 
Inc., and the Commercial Cable Company. 
He has also been elected chairman of the 
Radio Technical Planning Board. He re- 
ceived the bachelor-of-science degree in 
electrical engineering from the University 
of California, in 1914, and upon gradu- 
ation became associated with the Marconi 
Wireless Telegraph Company of America, 
San Francisco, Calif. In 1915 Mr. Pratt 
became expert radio aid at the Mare 
Island (Calif.) Navy Yard, in 1918 he was 
associated with the bureau of steam engi- 
neering, Navy Department, Washington, 
D. C., and in 1920 left to become an engineer 
for the Federal Telegraph Company, Palo 
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Alto, Calif. In 1927 he was aed engineer 
in charge of the development of radio aids 
for air navigation for the Bureau of Stand- 
ards, Department of Commerce, Washing- 
ton, and a year later accepted the position of 
chief engineer of Mackay Radio and Tele- 
graph Company, Inc. A past president of 
the Institute of Radio Engineers, in 1944 he 
was awarded a medal of honor for his work 
in the field of radio communications. 


J. T. Barron (M ’20, F »27) vice-president in 


charge of electric operation, Public Service 
Electric and Gas Company, Newark, N. J., 


_has been elected a director of the Public 


Service Corporation of New Jersey. Mr. 
Barron was born in 1884 in Columbia, S. C., 
and was graduated from the University of 
South Carolina with the degree of bachelor 
of science in 1905. From that year until 
1907 he was associated with the testing de- 
partment of the General Electric Company, 
Schenectady N. Y. In 1907 he entered the 
service of the Public Service Electric and 
Gas Company, has been identified with the 
testing laboratory and the construction de- 
partment, and has served as chief operator of 
the substations and generating stations in the 
central division and as superintendent of the 
central division. In 1926 he was made gen- 
eral manager of the electric department and 
and has been a vice-president of the com- 
pany since 1935. 


F. E. Harrell (A ’26, F’40) formerly chief 
engineer, Reliance Electric and Engineering 
Company, Cleveland, Ohio, has been ap- 
pointed general works manager of the com- 
pany. Mr. Harrell joined the sales engineer- 
ing department of the Reliance Company’s 
Chicago (IIl.) office in 1924, after graduation 
from Purdue University. In 1927 he was 
transferred to general engineering in Cleve- 
land, and in 1924 became assistant chief 
engineer. W. R. Hough (A’35, M41) 
product development engineer, has been 
named chief engineer to succeed Mr. Harrell. 
Mr. Hough became associated with the com- 
pany in 1929, following his graduation from 
the University of Michigan. Prior to his 
work on product development he served as 
junior engineer, chief draftsman, and a-c 
design engineer. Both Mr. Harrell and Mr. 
Hough are past chairmen of the AIEE 
Cleveland Section. 


J. H. Lampe (A’ 20, M ’26) former dean of 
engineering of the University of Connecticut, 
Storrs, recently became dean of the school of 
engineering at the North Carolina State 
College, Raleigh. Doctor Lampe is a 
native of Baltimore, Md. He received the 
degrees of bachelor of science in 1918, master 
of electrical engineering in 1925, and doctor 
of engineering in 1931, all from Johns Hop- 
kins University, Baltimore. After a period 
of service with the United States Army from 
1918-19, he taught electrical engineering 
at Johns "Hopkins University until 1938, when 
he became head of the department of elec- 
trical engineering at the University of 
Connecticut. He was promoted to dean of 
engineering there in 1940. His industrial 
connections have dealt with such problems 
as high-voltage cable investigations, elec- 
trolysis, magnetic tests, and electric-power 
generation and transmission. 
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H. A. Winne (A 16, F °45) vice-president in 
charge of engineering, General Electric Com- 
pany, Schenectady, N. Y., has been appointed 
vice-president in charge of engineering policy 
for the entire company. Mr. Winne joined 
the General Electric Company as a student 
engineer in the testing department in 1910. 
After holding various positions he was 
elected vice-president in charge of apparatus- 
design engineering in 1941 and assumed the 
duties of manager of engineering in January 
1945. E. E. Johnson (A’25, M ’40) assist- 
ant engineer, aeronautics and marine-engi- 
neering division has been made engineering 
manager of the apparatus department to 
succeed Mr. Winne. Mr. Johnson has 
been with the General Electric Company since 
1922. 


C. L. Dawes (A’12, F ’35) associate profes- 
sor of electrical engineering, Harvard Uni- 

versity, Cambridge, Mass., has been awarded 

the honorary degree of doctor of engineering 

by Northeastern University. Doctor Dawes 

was born in Somerville, Mass., and is 

a graduate of the Massachusetts Institute 

of Technology with the degree of bache- 

lor of science in electrical engineering. There 

he served as assistant in electrical engineering 

from 1909-11, and from 1911-19 he was in- 

structor at Harvard University and also at 

Massachusetts Institute of Technology. In 

1919 he was appointed assistant professor of 

electrical engineering at Harvard University 
and in 1931 associate professor. Doctor 

Dawes is the author of many technical papers 

and books and has served on many AIEE 

committees. 


H. F. Kingdon (A’26, M’38) works man- 
ager, Commonwealth Electric Corporation, 
Ltd., Welland, Ontario, Canada, has been 
appointed chief engineer and manager of ~ 
the transformer department of the Eisler 
Engineering Company, Newark, N. J. Mr. 
Kingdon received his engineering degree 
from the University of Michigan in 1923. 
He entered the transformer engineering de- 
partment of General Electric Company at 
Pittsfield, Mass., and in 1925 he was ap- 
pointed chief transformer engineer of Eng- 
lish Electric Company of Canada and as- 
sistant manager in 1929. Five years later 
he joined the Commonwealth Electric Cor- 
poration as chief transformer engineer and 
assistant manager and in 1937 he was made 
works manager. 


C. A. Powel (M’20, F’41) junior past 
president AIEE, and manager, headquarters 
engineering departments of the Westinghouse 
Electric Corporation, East Pittsburgh, Pa., 
who is now on leave as chief of the electrical 
and radio branch of the Allied Control Com- 
mission, has received the Order of Merit from 
‘his company “‘for his unusual ability to recog- 
nize opportunities for the development and 
application of electrical equipment in the 
electrical power industry, for his skill in . . 
executing plans to further them . . . and for 
his . . . promotion of broad engineering and 
educational activities on a national scale.” 
The Order of Merit is the highest honor con- 
ferred on Westinghouse employees. Mr. 
Powel joined the company 26 years ago. 
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David Williams (A’23) lieutenant com- 
mander of the United States Naval Reserve, 
and on wartime leave as manager, electrical 
equipment purchases of the Consolidated Edi- 
son Company of New York, N. Y., Inc., has 
been named supply officer in command of the 

largest naval supply depot in New Guinea. 
' Commander Williams was born in Leeds, 
England, in 1897. Before going to the 
Consolidated Edison Company in 1920 he 
had been associated with the Automatic 
Switch Company, New York, as draftsman, 
the Union Switch and Signal Company, 
Swissvale, Pa., and the Southern Pacific 
Railroad. 


E. J. Thimme (A ’27, M ’29) assistant to the 


division superintendent, Passaic division, elec-’ 


tric distribution department of the Public 
Service Electric and Gas Company, Paterson, 
N. J., has been made division superintendent 
in that division. Mr. Thimme started with 
the company in 1923 as a cadet engineer after 
his graduation from the Massachusetts Insti- 
tute of Technology. In 1926 he was ap- 
pointed engineer in the Passaic division, elec- 
tric distribution department, and became 
division distribution engineer in that division 
in 1929. Seven years later he was made dis- 
trict superintendent, Passaic district, and 
when the Paterson and Passaic districts were 
consolidated in 1937, he was appointed 
assistant to the division superintendent. 


_F. A. Fleming (M’43) major in the Cana- 
dian Army and formerly in the test and 
engineering departments of the Canadian 
General Electric Company, Toronto and 
Peterboro, Ontario, Canada, recently has 
retired from the Army after serving six years 
as a technical staff officer.. He has pur- 
chased an electrical engineering business in 
‘Ottawa, and will specialize in the sale and 
service of scientific and electrical instru- 
ments under the firm name of Sheppard 
Electrical Laboratories. Major Fleming was 
born in Toronto, Canada, and studied in the 
technical schools of Toronto and the School 
of Applied Science and Engineering at the 
University of Toronto, 


H. M. Jalonack (A *20, M ’36) sales manager, 
central station division, General Electric 
Company, Schenectady, N. Y., has been ap- 
pointed assistant to manager, transformer 
division. Mr. Jalonack entered the com- 
- pany’s test division following his graduation 
"from Syracuse University in 1917. Two 
years later he joined the general office or- 
ganization. After spending four years in 
Schenectady and Pittsfield, Mass., in 1923 
-he was transferred to New York, N. Y., as 
district transformer specialist and served in 
this capacity until 1935 when he returned to 
Pittsfield as assistant sales manager, of the 
distribution-transformer and feeder-regulator 
section. He became sales manager of that 
section in 1942, 


C. A. Butcher (M’22, F’43) formerly 
manager of the Pacific Coast manufacturing 
and repair department of the Westinghouse 
Electric Corporation, Oakland, Calif., has 
been appointed assistant general manager 
of the Crocker-Wheeler division, Joshua 
Hendy Iron Wérks, Ampere, N. J. Mr. 
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Butcher is a native of Des Moines, Iowa, 
and was graduated from the Iowa State 
College with the degree of bachelor of science 
in electrical engineering. Following his early 
electrical experience with the Des Moines 
City Railway Company, he joined the 
Westinghouse company and has served in 


‘several capacities. 


G. H. Woodard (M’42) manager of the 
aviation gas turbine division of Westinghouse 


Electric Corporation, Philadelphia, Pa., has” 


received the company’s Order of Merit in 
recognition of his creative engineering in the 
development of new products. Mr. Woodard 
was born in Schenectady, N. Y., in 1906 and 


received his degree in mechanical engineering 


from Cornell University in 1928. At one 
time he was associated with the Ingersoll- 
Rand Company at Phillipsburg, N. J. He 
joined the Westinghouse company in 1936 
at the time of the formation of the new prod-. 
ucts division. He became manager of the 
new products division in 1941. 


D. R. Shoults (A’35, M’42) formerly engi- 
neer of the aviation division, General Elec- 
tric Company, Schenectady, N. Y., has been 
appointed vice-president of the Bell Aircraft 
Corporation, Buffalo, N. Y. Mr. Shoults 
was born in Storms, Ohio, and was gradu- 
ated from the University of Idaho in 1925 
with the degree of bachelor of science in 


’ electrical engineering. In that year he be- 


came associated with the General Electric 
Company. He is the author of a number of 
technical papers, and was engaged in a study 
of superchargers when he left for London in 
1941 on a Government mission. He has 
served on several AIEE committees. 


C. F. Miller (A ’41) formerly a member of the 
electrical engineering faculty of Johns Hop- 
kins University, Baltimore, Md., has been 
appointed chief engineer of Price Brothers 
Company, Frederick, Md. Doctor Miller 
received his bachelor degree from the Johns 
Hopkins University in 1935 and the degree 
of doctor of engineering from the same 
university in 1942. He has undertaken ex- 
tensive research and experimentation work 
during the present war emergency with vari- 
ous electronic applications. 


H. W. Tenney (A ’23, F ’43) assistant to the 
vice-president in charge of the Pittsburgh, 
Pa., divisions of the Westinghouse Electric 
Corporation, has been awarded the Order 
of Merit, the highest recognition for achieve- 
ment given by that corporation. Mr. Tenney 
was born in Leominster, Mass., and was 
graduated from the Worcester Polytechnic 
Institute in 1920 with a bachelor-of-science 
degree and in 1922 he received the degree of 
electrical engineer. Mr. Tenney has been 
with the Westinghouse Corporation since 
1920. ; He has served on several AIEE 
committees. 


J. W. Carpenter (M’35) president and 
general manager of the Texas Power and 
Light Company, Dallas, has received the hon- 
orary degree of doctor of engineering from 
Southern Methodist _ University. Doctor 
Carpenter has been associated with many 
utility companies in Texas including the 
Corsicana Gas and Electric Company. 
the Athens Power and Light Company, the 
Dallas Power and Light Company, "and 
the Texas Power and Light Company. Of 
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..was employed by the Connecticut 


pany of Canada, Montreal, Quebec, from 


the last-mentioned he became president in 
1927, ; ‘i 


J. S. Malsbury (A°33, M’39) captain, , 
Signal Corps, United States Army, has bi 
promoted to the rank of major. Ma 
Malsbury, a member of the Reserve Co: 
since 1927, was ordered to active duty in 19 
and was stationed at Fort Monmouth, N, 
until July 1944. Then ordered overse 
he was first assistant theater radio officer 
India, and in February 1945 he was mad 
theater radio officer~stationed near Kum- 
ming, Yunnan Province, China. —— 


E. C. Brown (A’26, M’43) formerly as- 
sistant to the manager of the Connecticy 
Valley Power Exchange, Hartford, has b 
named manager. Mr. Brown gradua 
from the Massachusetts Institute of Tech 
nology in 1924 with the bachelor-of-scie: 
degree in electrical engineering. In that year 
he became tester for the United Electric Ligh 
Company, Springfield, Mass., and in 1925 


Power Exchange as assistant to the man 


K. W. Miller (A ’23, M ’29) formerly se 
engineer, Commonwealth Edison Compa 
Chicago, Ill., and former director of rese 
of the Utilities Research Commission, 
been appointed chairman of electrical 
neering research at the Armour Resea 

Foundation of Illinois Institute of Tec 
nology, Chicago. Mr. Miller has done 
tensive work with oil-filled cables, and 
the field of reduction of sheath losses o1 
single-conductor underground power cables. 


C. W. Mayott (A 713, M 43) formerly power 
expert of the Office of War Utilities, War P 
duction Board, Washington, D. C., has re- 
sumed his position on the technical staff of 


pany. Mr. Mayott was instrumental 
co-ordinating southeastern electric pov 
plants, and will remain in the capacity of 
consultant for the Office of War Utilities. 


P. S. Millar (A’03, M13) president, El 
trical Testing Laboratories, Inc., New Yo 
N. Y., has been awarded the 1945 gol 
medal of the Illuminating Engineerin; 
Society. Mr. Millar is the second recipien 
of the medal established in 1943 in recog 
tion of meritorious achievement which } 
conspicuously furthered the profession, art, 
or knowledge of illuminating engineering. — 


A. M. Musgrove, Jr. (M37, F 45) lieu- 

tenant colonel, Corps of Engineers, United 
States Army, who is serving as chief engineer, 
utilities division, Camp Shanks, N. Y., has 
been awarded a certificate of commenda- 
tion for his suggestion providing emergency 
lights at the exits of all post theaters in the 
event of failure of electric power. 


H. O. Anderson (A’27) general sales 
manager, Rockbestos Products Corporation, 

New Haven, Conn., has been elected vice- 
president in charge of sales of that corpora- 
tion. Mr. Anderson joined the corporation 
in 1927 to direct the sales, after being an 
agent in Boston, Mass., for Schweitzer and 
Conrad, Inc., Chicago, Ill. : 
AL L. Davison (A ’43) on loan to the general 
engineering department, Aluminum Com 
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91997 until 1945, has returned to the Canadian: 


Comstock Company, Ltd., Montreal, and 
has been appointed chief engineer. 


F. M. Ogler (A’44) Philadelphia (Pa.) 
district manager, Trumbull Electric Manu- 
facturing Company, has been appointed 
district manager of the Atlantic district, 
_which now includes Maryland, Virginia, and 
the District of Columbia. 


J- G. Glassco (A ’03, F ’28) retired general 
manager of the Winnipeg Hydro-Electric 
System, Manitoba, Canada, has been elected 
to honorary life membership in the Manitoba 
Electrical Association. 
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John Somerville Highfield (F°42) con- 
sulting engineer, Highfield and Roger 
‘Smith, London, England, died August 15, 
1945. Mr. Highfield was born in Cheshire, 
England, November 28, 1871, and received 
his education at King’s College. He had a 
wealth of electrical experience having been 
associated with many enterprises including: 
Central Electricity Board; Borough of Dover 
‘ Electricity Department; Cambridge Electric 
Supply Company, Ltd.; Charing Cross, 
West End and City Electrical Supply Com- 
pany; South Wales Electric Power Com- 
pany; Brompton and Kensington Electric 
Supply Company, Ltd.; Metropolitan Elec- 
_tric Supply Company; Edmundsons Elec- 
tricity Corporation, Ltd.; Cornwall Elec- 
tric Power Company, Ltd.; Imperial Con- 


tinental Gas Association; Compagnie Con-~ 


tinentale du Gaz; and the South Wales 
Aluminum Company, Ltd. Mr. Highfield’s 
accomplishments were many. He designed 
and set up the first testing department for 
the Chloride Electrical Storage Company; 
supervised the erection of the power station 
at Stafford; invented the Highfield auto- 
matic reversible booster for controlling 
batteries; designed and constructed a power 
station, tramway and supply systems at St. 
Helen’s, Lancashire. He made many ad- 
dresses before professional societies, and was 
the author of many papers. - His patent 
specification on “Improvements Relating 
to Pressure Relief Devices for Transformer 
Tanks and Like Containers” was accepted 
September 9, 1942. He was director, Cen- 
tral London Electricity, and of the London 
Power Company; past-president, Institu- 
tion of Electrical Engineers, London, and 
past vice-president, Royal Institution of 
Great Britain. 


Adolphus Mansfield Dudley (A ’08, M10, 
F ’13) retired engineer, Westinghouse Electric 
Corporation, East Pittsburgh, Pa., died on 
August 16, 1945. Mr. Dudley was born in 
Cincinnati, Ohio, February 14, 1877, and 
received the bachelor-of-science degree in 
engineering in 1902 and the degree of elec- 
trical engineer in 1931 from the University of 
Michigan. Two years later he received the 
master-of-science degree from the University 
of Pittsburgh. Mr. Dudley began his pro- 
fessional career in 1902 as an erecting engi- 
neer, and two years later joined the Westing- 
house Corporation. He successively held 
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positions as control engineer; design engi- 
neer; commercial engineer; section engi- 
neer; engineering manager; engineering 
supervisor of development; manager of de- 
velopment engineering; marine application 
engineer; and engineering representative in 
the patent department. He retired early in 
1944, He was author of “Connecting In- 
duction Motors” and “Induction Motor 
Practice,” and contributed the section on 
electric motors in the current Encyclopedia 
Brittanica. Some of his educational work was 
accomplished for the Engineers Council for 
Professional Development in its program of 
inspecting and accrediting schools of engi- 


neering. For three years Mr. Dudley was a 


member of the council of the Society for the 
Promotion of Engineering Education. In 
1940 he was awarded the honorary degree of 
doctor of engineering by the University of 
Michigan for his contributions to professional 
engineering. 


Max L. Kahn (A ’20) chief engineer, General 
Electric Company, Ltd., Witton Works, 
Birmingham, England, died July 25, 1945. 
Doctor Kabn was born in Mannheim, Ger- 
many, in 1877, and subsequently became a 
naturalized British subject. He was educated 
at Karlsruhe University and was awarded 
his doctorate in 1902 for original work upon 
the characteristics of the contact resistance of 
carbon brushes. Early in his career he was 
associated with Brown Boveri and Company, 
Ltd., of Mannheim, and in 1904 was ap- 
pointed chief designer of the Branch Engi- 
neering Company. Thence he proceeded to 
Witton as chief designer, succeeding to the 
post of chief engineer in 1933. During the 
32 years he served the General Electric Com- 
pany he was closely associated with the de- 
velopments in electric machinery and was re- 
sponsible for the design of some of the largest 
turbogenerators: manufactured. He was a 
member of the Institution of Electrical Engi- 
neers, and collaborated with E. Arnold and 
J. E. LaCour in the preparation of a series of 
textbooks in seven volumes covering the de- 
sign and construction of electric machinery. 


Henry Girdlestone Acres (A’08, M13) 
president, H. G. Acres and Company, con- 
sulting engineers, Niagara Falls, Ontario, 
Canada, died September 4, 1945. Born in 
Paris, Ontario, May 1, 1880, he was gradu- 
ated from the University of Toronto with the 
class of 1903, and in 1924 was made doctor 
of science by the same university. From 
August 1903, to June 1905 he was assistant 
mechanical engineer for the Canadian Ni- 
agara Power Company, Ontario, and then 
did some special design and tunnel work 
-for the Arizona Copper Company, Clifton. 
In September 1905 Doctor Acres became 
associated with the Hydro-Electric Power 
Commission of Ontario first as hydraulic 
engineer and later as assistant engineer, 
and at various periods served as its con- 
sultant. One of his accomplishments was 
designing the Shipshaw development of 
the Aluminum Company of Canada, Arvida, 
Quebec, and designing and supervising the 
Chippawa-Queenston development of the 
Hydro-Electric Power Commission of On- 
tario. 


John M. Davis (A ’34) transmission engineer, 


Indiana Bell Telephone Company, Indian- 
apolis, and more recently a colonel in the 
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Army of the United States, died August 13, 
1945. Colonel Davis was born in Owen 
County, Ind., in 1905, and received a bache- 
lor-of-science degree in electrical engineering 
from Purdue University in 1926. During 
1926-27 he was a student engineer with the 
Indiana Bell Telephone Company, and for 
the next three years served as assistant engi- 
neer. In 1930 he took over the duties of toll- 
transmission engineer in charge of studies, 
field tests, and surveys on toll-plant trans- 
mission problems, engineering studies on 
radio, and special services. Colonel Davis 
entered on active military service in 1941 and 
went overseas in 1944, returning to the 
United States several months ago. While 
serving on Leyte Island he became ill. It was 
at that time he was awarded the Bronze Star 
Medal for his outstanding and difficult as- 
signments for the Signal Corps. 
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Recommended for Transfer 


The board of examiners, at its meeting of September 
20, 1945, recommended the following members for 
transfer to the grade of membership indicated. Any ob- 
jections to these transfers should be filed at once with the 
secretary of the Institute. 


To Grade of Fellow 


Berberich, L. J., section engr., Westinghouse Research 
Labs., E, Pittsburgh, Pa. ; 

Brown, F. S., elec. engr., Duquesne Light Co., Pitts- 
burgh, Pa. ~ 


Loughridge, C. H., cons. elec. engr., The Arcade, 
Cleveland, Ohio. i 

Monteith, A. C., asst. mgr., engs: depts., Westinghouse 
Electric Corp., E. Pittsburgh, Pa. 

Penney, G. W., mgr., yoo dept., Westinghouse 
Electric Corp., E. Pittsburgh, Pa. 

Pinder, K.., sr. aps engr., E. I. duPont de Nemours & 
.» Wilmington, Del. i 
Renshaw, D. E., engr., Westinghouse Electric Corp., 

E. Pittsburgh, Pa, 


Strang, H. E., asst. to vice-pres., General Electric Co., — 


Schenectady, N. Y. . 
Umansky, L. A., asst. mgr., ind. engr. div., General 
Electric Co., Schenectady, N. Y. 


~ 


Van Sickle, R. C., design engr., Westinghouse Electric , 
Co; 


rp., E, Pittsburgh, Pa. A 
Warner, R. G., vice-pres., United Illuminating Co., 
New Haven, Conn. 


18 to grade of Fellow 


To Grade of Member 

Meese A. G., yt director, Allum Electrical Co., 
Ltd., Auckland, N. Z. ; 

Becker, H. E., supervisor, Westinghouse Electric Corp., 
San Francisco, Calif. 5 

Bennon, S., elec. engr., Westinghouse Electric Corp., 

aron, Pa. a 

Booth, J. D., sect. engr., Westinghouse Electric Corp., 
Baltimore, Md. ; 

Branson, N. G., des. engr., General Electric Co., 
Schenectady, N. Y. 

Chaney, Y. T., ind. engg. dept., Trumbull Elec. Mfg. 
Co., Norwood, Ohio. y 

Crawford, C. H., sect. leader, General Electric Co., 
Schenectady, N. Y. 

Curtis, T. E., chief engr., Southern States Equipment 
Corp., Birmingham, Ala. 

Davis, W. G., chairman, elec. engg. dept., Fenn College, 
Cleveland, Ohio. 

Delfs, J. M., 
Schenectady, N. Y. 

Dole, A. R., assoc. tel. engr., ee Corps, U. S. Army, 
Presidio of San Francisco, Calif. 


ind. ens: div., General Electric Co. 
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i 


Falls, O. B., qt elec. engr., General Electric Co., 
Schenectady, N. Y. 

Fox, G. W., electronics ship supt., U. S. Navy Yard, 
Charleston, S. C. 

Gardner, V. E., elec. engr., Bureau of Ships, U. S. Navy, 
Washington, D. C. 

Gateka, F. F., elec. supt., Public Service Co. of Okla- 

_ homa, Lawton, Okla. : 

Geiger, W. H., div. supt., Public Service Elec. & Gas 
Co., Hackensack, N. J. 

Hansen, E., asst. supt., production, Florida Power Corp., 
St. Petersburg, Fla. : 

Hoenie, N. J., asst. chief engr., Lincoln Electric Co., 
Cleveland, Ohio. 


. Horrell, R. F., des. engr., Westinghouse Electric Corp., 


E, Pittsburgh, Pa. 
Hyde, G. C., pres., Gulf Public Service Co., Inc., & 
Louisiana Pub. Utilities Co., Inc., Dallas, Tex. 
Tohnson, L. L., project engr., General Motors Corp., 
LaGrange, Ill. 

Krishnaswami, A. C. K., director, Seshasayee Bros., 
Ltd., Trichinopoly, S. India. 

Kundel, T., Major, U. S. Army, Jefferson Proving 
Ground, Madison, Ind. 

Lambert, J. S., Major, War Dept., Washington, D. C. 

Leppert, J. H., tech. supervisor, Tennessee Eastman 
Corp., Oak Ridge, Tenn. 

Lindemann, . E., elec. engr., Tennessee Valley 
Authority, Wilson Dam, Ala. 

Taaden, aS A., engr., General Electric Co., Schenectady, 


Long, V. O., instructor, elec. engg., U. S. Naval Acad- 
emy, Annapolis, Md. 

Marrs, R. E., application engr., General Electric Co., 
Schenectady, N. Y. 


Mason, C. R., section leader, General Electric Co., 


Schenectady, N. Y. 

McConnell, G. B., elec. supervisor, Boeing Aircraft Co., 
Seattle, Wash. 

McMaster, R. C., research engr., Batelle Memorial 
Institute, Columbus, Ohio. 

Meahl, H. R., elec, engr., General Electric Co., Schenec- 

. tady, N.Y. 
ae J. R., sr. engr., Raytheon Mfg. Co., Waltham, 


ass. 
Miller, E. F., long lines dept., American Tel. & Tel. Co., 
New York, N, Y. 
Miller, W. E., elec. engr., General Electric Co., Schenec- 


tady, N. Y. 
_ Minocha, K. R., elec. adviser & inspector, Government 


of Cent. Provinces & Berar, Nagpur, India. 

Moler, M. A., head, pr. equip. branch., U. S. Maritime 
Commission, Oakland, Calif. 

Moore, L. M., engr., Central New York Power Corp., 
Syracuse, N. Y. 

Moore, R. D., design engg., General Electric Co., 
Schenectady, N. a : 

Morgan, J. F., plant engr., Mercury Mills, Ltd., Hamil- 
ton, Ont., Can. : 

Morley, D: M.., engr., General Electric Co., Schenectady, 


Mouat, T. W., Jr., asst. research engr., National Re- 
search Council, Ottawa, Can. 

Peirce, R. M., research elec. engr., American Steel & 

' Wire Co., Electrical Cable Works, Worcester, Mass. 

Porter, F. M., elec. engr., American Gas & Electric 
Service Corp., New ore, N. Y. 

Quarles, L. R., assoc. prof., University of Virginia, 
Charlottesville, Va. 

Ridgley, C. J., elec. engr., I-T-E Circuit Breaker Co., 
Philadelphia, Pa. 

Rober, J F, C., engr., General Electric Co., Schenectady, 


‘Rodhouse, T. E., line des. engr., General Electric Co., 
Pittsfield, Mass. 

Schwan, C. F., generator des. engr., Ohio Crankshaft 
Co., Cleveland, Ohio. 

Sproul, P. T., member of technical staff, Bell Telephone 
Labs., Inc., New York, N. Y. 

Story, T. H., adv. dev. engr., RCA Victor Div., Radio 
‘orp. of America, Camden, N. J. 

Walker, R. E., asst. chief des, engr., Smith & Gillespie, 
Jacksonville, Fla. 

Wanamaker,.R. L., elec. engr., General Electric Co., 
Schenectady, N. Y. 

Weil, W. S., Jr., engr., General Electric Co., Philadel- 


phia, Pa. 

Whitehead, E. G., Lieut., U.S. Coast Guard Headquar- 
ters, Washington, D. C. 

Williams, E. W., meter foreman, Montana Power Co., 
Butte, Mont. 

Witzke, R. L., cent. station engr., Westinghouse Electric 
Corp., East Pittsburgh, Pa. 

Yost, C. H., elec. engr., Curtis Publishing Co., Philadel- 
phia, Pa. : 


59 to grade of Member 


Applications for Election 


pore have been received at headquarters from 
the following candidates for election to membership in 
the Institute. Any member objecting to the election of 
any of these candidates should so inform the secretary 


' before November 15, 1945 or January 15, 1946, if the 


applicant resides outside of the United States or Canada. 


To Grade of Member 


Beachley, R. W., Stone & Webster Engr. Corp., Knox- 

ville, Tenn. 

Brough, R., Telephone Manager’s Office, Glasgow, 
cotland 
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Brown, A. M., Commonwealth Edison Co., Chicago Ill. 
Brown, H. R., Corps of Engineers, Omaha, Nebr. 3 
Claes, A: J., Socony-Vacuum Oil Co., East St. Louis, Ill. 
Dave, N. M., New Standard Engg. Co., Ltd., Bombay, 
India ae 
Derr, J . D., No. Carolina Shipbuilding Co., Wilmington, 
Cc 


Dibrell, J. W., Naval Ordnance Lab., Washington, D.C, 

Egger, C. J., Buckeye Laboratories Corp., Cleveland, 
Ohio 

Fink, D. G., Electronics Magazine, New York, N. Y. 

Fisher, J. T., Bell Tel. Co. of Canada, Toronto, Ont., 
Canada ; f 

Gelow, M. L., Graham Paige Motors, Detroit, Mich. 

Haller, G. L., Col., Air Corps., Air Technical Serv. 
Cmd., Dayton, Ohio ; 

Kellerman, W. C. (Re-election), Commonwealth Edison 
Co., Chicago, Ill. 

Leas, J. W., Maj., ss C., AUS, Naval Research Lab., 
‘Washington, D. C. 

Leiper, F. M., Berker & Wheeler, New York, N. Y. 

Manfredo, I. H. (Re-election), Navy Yard, Bayonne, 


Marte H. W. (Re-election), Stevenson, Jordan & 
Harrison, Ltd., London, Englan ; ; 

Mason, J. A., American Tel. & Tel. Co., Philadelphia, 
Pa 


May, re C., U. S. Navy Dept., Minneapolis, Minn. 
Meade, G. R., Reconstruction Finance Corp., Wash- 


ington, D. C. A 
Parkinson, J. A., A. T. & S. F. bes Chicago, Ill. 
Parnell, J. G., Board of Public Works, Niles, Mich. 


Ray, J. H., Lt. Col., Engr. Construction Command, 
San Francisco, Calif. 

Robertson, D. S., Dominion Government, Ottawa, Ont., 
Canada | 

Sands, L. G., Curtiss-Wright Corp., Bloomfield, N. J. 

Ware, M., Sig. Corps, War Dept., Arlington, Va. 

Wilder, H. E ., Western Union Telegraph Co., New 
York, N, Y. ‘ 1 

Zimmermann, F. O., Federal Tel. & Radio Corp., Chi- 
cago, Ill. 


29 to grade of Member 


To Grade of Associate 


United States and Canada 
1. Nortu Eastern 


Burnham, J. M., Eastman Kodak Co., Rochester, N. Y. 
Cohen, A. M., Ward Leonard Elec. Co., Mount Vernon, 
N.Y 


Cunniff, T. W., Hazeltine Electronics Corp., Little 
Neck, L. I., N. Y. 

Ewaskio, H., Jr., Great American Industries, Meriden, 
Conn. 

Frohock, W. S., Sylvania Elec. Products, Inc., Danvers, 


ass. 

Lincoln, R. T., Binghamton Board of Education, Bing- 
hamton, N. Y. 

Rossi, R. P., Gen. Elec. Co., Schenectady, N. Y. 


2. Muppre Eastern 


Adair, J. M. (Re-election), Westinghouse Elec. Corp., 
Newark, N. J. : 

Ayllon, H. R., Gen. Elec. Co., Philadelphia, Pa. 

Brown, A. (Re-election), Phila. & Reading Coal & Iron 
Co., Pottsville, Pa. 

Chamberlain, E., British Air Comm., Washington, D. C. 

See J. P., Westinghouse Elec. Corp., Washington, 

Danaher, J. Jo Jes Capt. U. S. Army, Nat’l Bureau o 
Standards, Washington, D. C. y 

Dreisbach, R. ye The Ohio Public Service Co., Port 

linton, Ohio ; 
Geet: M., Sperry Gyroscope Co., Inc., Baltimore, 


Giloy, E. W., The Glenn L. Martin Co., Baltimore, Md. 

Gitschier, J. F., Pennsylvania Transformer Co., Pitts- 
burgh, Pa. 7 

Graham, M, A., Thomas & Betts Co., Elizabeth, N. J. 

Hurford, A. Go pes Phila. Navy Yard, Phila., Pa. 

Krantz, A. W., Reliance Elec. & Engg. Co., Cleveland, 


Ohio 
Leavesley, C. D., Phila. Elec. Co., Phila., Pa. 
ie eae M., Philadelphia Navy Yard, Philadelphia, 


: ‘a. 
MacKinnon, J. D., Jr., Lt., USN, Bureau of N: 
rae Washiagton: tiie ag 
nae N., Jr., Simplex Radio Corp., Sandusky, 
io ; 


os J. B., Westinghouse Elec. Corp., East Pittsburgh, 
ais wee. 


Pease, J. O., Rumsey Elec. Co., Washington, D. C, 
naan H., % Public Service Elec. & Gas Co., Newark, 


Salko, J. R., Pa. Transformer Co., Pittsburgh, Pa. 
4 Capt., Air Corps., Naval Research 


m, Del. 
Vidmar, J. F., The Ohio Bell Tel. Co., Cleveland, Ohi 
‘Ti. me Jr., Marine Equipment Co., Tee ose, 


Wiehe Ms E., Navy Ordnance Lab., Washington, - 


Wilson, S. A., Muse Art Engineering Corp., Philadel- 
phia, Pa, 


3. New Yorx Crry 
Bull, ae (Re-election), 129 East 69th St., New York, 
Dillon, S. V., Johns-Manville Sales Corp., New York, 


Institute Activities 


Ellis, H. J., Lt. 
Reet ia 
Santogrossi, D. J 
Stanton: Roe 

- York, N. Y. 


",N. Y. Na od, 
., Bendix Avia. Corp 
(Re-election), Fed. 


4, SouTHERN — Age i Fos 
Anderson, O. E. E., Lt., USNR, Miami, Florida 
Cutchins, A. P., Mutual Boiler Ins. Co., New O: 


La. 

Jonnscey M. D., Cabell Elec. Co., Jackson, Miss. 
owe, H., Aluminum Co. of America, Atlanta, 

Miller, N. J., Tennessee Valley Authority, Chat 

Tenn. y 
Rothwell, H. E., Va. Elec. & Pr. Co., Ri 
Sledge, L. N., Charleston Navy Yard, Charle: 
Ulm, R. W., Tenn. Eastman Corp., Oak Ri 7 
CG. W. (Re-election), Ga. Power & Lt. 
Valdosta, Ga. 


5. Great LAKEs oie an 
Boesenberg, J. J., Illinois Bell Telephone Co., Chic: 
Til. 


Brown, H. L., Public Serv. Co, of No. Il., Joliet, ml 


- Carman, ay ., Illinois Bell ‘eats Co., Chi ca 
Dibble, H. H. (Re-election), Indiana & Michigan Elec. 
Co., South Bend, Ind. hg A i, a 
Duff, G. H., Westinghouse Elec. Corp., Peori 


Dugan, K. L., General Motors Corp., Anderson, Ind. 
Ewald, L, J., Il. Bell Tel. Go., Chicago, Wl. 
Farmer, J. D., Indiana & Michigan Elec. Co., Soutl 
Bend, Ind. > 2 an 
Fuller, F. C., Jr., Illinois Bell Tel. Co., Chicago, Ill. 
Garling, K. E., Fed, Elec. Co., Chicago, Il. 
Hansen, L. E., D. W. Onan & Sons, Minn 1eapolis, ] 
Hartman, C. J., The Commonwealth & Southern 
Jackson, Mich. ~~ a ‘ 
Hasselbacher, H. H., Chicago Burlington & Quincy E 
Co., Chicago, Ill. -. mane 
Massaro, A. V., Allis-Chalmers Mfg. Go., Sprin 


Il. ‘ * 
Miller, W. L., American Tel. & Tel. Co., Chicago, 

: Nibbelin, C. J., Commercial Solvents Corp., Peoria, 
Parker, H. E., Electrical Testing Co., Peoria, Ill. 
Sawicki, W. L., Winpower Mfg.-Co., Newton, Towa 
Schwartz, P. N., Commonwealth Edison Co., Chi 


Til. ‘ 
Sedgwick, W. C., Gentral Illinois Light Co., Peoria, 
Sievers, G. A., Line Material Co., South Milw: 


VES. : i 

Stokes, H. L., Illinois Bell Tel. Co., Chicago, Ill. 

Ullery, R. M., Indiana & Michigan Elec. Co., Sout 
Bend, Ind. : d 


7. Sourn West > 


Bell, R. A., Dallas Power & Light Co., Dallas, Tex. — 
Frohardt, A. E., Wagner Elec. Com St. Louis, Mo. 
Gehlsen, R. G., Mines Equipment Co., St. Louis, 
McNeely, J. S., Southwestern Bell Tel. Co., Dall: € 
Sneed, J. W., Fe Consolidated Steel Corp., Orange, Tex 
- Steely, T. A., Fraser-Brace Eng. Co., Inc., Camde: k. 
White, F. A., 1411 8th St., Lubbock, Tex. 


8. Paciric 


Bastow, W. R., Lt., USNR, San Francisco, Calif. 
Bullis, W. R., Salinas Junior College, Salinas, Calif. — 
pices L., Allis-Chalmers Mfg. Co., San Francisco 


Chapel, C. E., Northrop Aircraft, Inc., Hawthorn 


Dexter, G. W., University of California, Berkel 
Fowler, L. S., Lt., USNR, Yard Public Wor 
Francisco, Calif. : ’ 
Hales, W. L., Solar Aircraft Co., San Diego, 
pe cot R. W., Douglas Aircraft Co., Los” 


Calif, a 
Lehan, F. W., Calif. Inst. of Tech., Pasadena, Calif. 
Murphy, D. M., U.S.E.D., San Francisco, Calif, 


9. Norru Wesr 


Shaw, W. L. (Re-election), Utah Pr. & Lt. Co., Salt 
Lake City, Utah we 


10. CaNnapa vs 


Lewis, T. H., Hydro-Elec. Pr. Comm. of Ont., Bur! 
ton, Ont., Can. , 
Scroggs, S. H., Jr., Small Elec. Motors, Toronto, 
Shaw, D. T., ae Canadian Army, Mon 
tS 


ontreal, Ca 
Yeoman, A. R. Elec, Lt. Cmdr., RCNVR, Halifa 
TmNeS. Gans » ; 


Elsewhere 
Aziz, Iskander, A., Atf Power Station, Mahmoudiel 
ic . 


YP. : 
Craske, C, H., Imperial Chemical Industries, Ltd. 
Cheshire, England ot ae 
Bale ate K., S. N. Paruck Parsi Polytechnic, Sur: 
ndia a 
Green, O. R., Electricity & Water Wks., New Amster- 


am, B. G. 
Pillai, K. N. R., Maj., Indian Posts & Tel h Di 
as ee India ecm cc cla ae 
aw: . A., Dept. of Industries, Govt. of Bc 
‘Daria Mahal, Surat, India. nomen 
Sapiro, N. A., Asso. Elec. Engr., U.S.E.D., Ft. A 
arene Mralaly E 


Tang, T. Metropolitan- lec. Co., M 
Chester, Riigland 2 apa eae a 

Total to grade of Associate = “y 
United Statesand Canada,95 0” 
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OF CURRENT INTEREST 


‘ 


5,000 New Products and Procedures 


From Atomic-Bomb Research 


Immediate benefits to American industry 
in new inventions and new and improved 
products and procedures of manufacture re- 
sulting from the atomic-bomb project were 


foreseen recently at a luncheon meeting of 


business-paper editors held in New York, 
N. Y., under the auspices of The M. W. 
Kellogg Company, chemical engineers of 


_ Jersey City, N. J., and New York. The 


Kellogg Company arranged the meeting on 
behalf of its wartime subsidiary, The Kellex 


Corporation, a noncommercial industry-wide 


unit which engineered the designing, con- 
struction, and operation of the diffusion- 
process plant of the atomic-bomb project at 
Oak Ridge, Tenn. As a result of the inven- 
tive, scientific, industrial, and engineering 


_. advances incident to work on the atomic- ~ 


bomb project, the Kellex Corporation. esti- 


mates that more than 5,000 new and im- 


- economy of operation. 


‘proved products and procedures are now 
available to American industry, awaiting 
only Government release for volume pro- 
duction, 

The Kellex Corporation, which included 


_ in its personnel a cross section of the nation’s 
scientific and engineering talent loaned for 


the war emergency by many companies, was 
formed for the purpose of developing pro- 
cedure and designing equipment for volume 
production of uranium 235, the essential 


ingredient in the atomic-bomb project. The 
‘success of this undertaking and the technical 


soundness of the diffusion plant’s processes 
and equipment are recognized in the an- 
nouncement that, of the three methods in 
use at Oak Ridge it is the only plant which 


‘will be continued on normal operation. 


This decision, it is stated, was the result of a 
new postwar policy in which emphasis is 
shifted from all-out war production at any 
cost to concentration, on a single process 
which would yield maximum peacetime 
production consistent with efficiency and 
Wartime perform- 
ance of the diffusion plant was such that 
Government authorities selected this process 
alone for the separation of U-235 for postwar 
use. 4 

The development work for this method 
had to be transformed from a highly theo- 
retical concept without even a laboratory 
process upon which to base design and per- 
formance data into an efficient multistage 
commercial gas-recycling process. So vast 
was the undertaking and so enormous the 
cost that normally no single corporation or 
group of corporations would even consider 
industrial research on this subject with such 
little prospect of success. 

The total cost alone of separating the 
U-235 isotope by the diffusion process in 
useful volume accounted for a substantial. 
portion of the over-all figure of $2,000,000,- 
000. The vast sum of money spent can be 
considered, according to the corporation, 
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not only as a wartime necessity or as a pre- 
liminary to developing superpower resources 
in the future, but also as the Government’s 
contribution toward the betterment of indus- 
try as a whole. 

For industry does not have to wait for 
atomic power to utilize the experience of the 
project. Many lessons have been learned 
which can and will be applied immediately 
to more efficient processing. All these lessons 
cannot be revealed, at present, but they are 
in the minds of engineers and firms partici- 
pating in the project and will be inextricably 
bound up with their future thinking, engi- 
neering design, construction, and processing. 
Some items in these fields can be mentioned 
and will afford some idea of the enormity 
of the problem and the scope of its applica- 


tion toward the betterment of industry. 


The following partial list of industries 


gives some indication of how they will benefit _ 


from knowledge gained in the U-235. prob- 
lem: 


1. Petroleum refining. 
(a). 
(6). 
(c). 
(d). 
tions. 
(e). Improved automatic control. 


Improved pumping. 

New-type more efficient heat exchangers. 

Mass spectroscope (continuous analytical control). 
Possible new methods of separating gasoline frac- 


2. General chemical and processing industries. 
Same improvements as in petroleum refining. 


3. Manufacture of pressure and vacuum vessels. 
(a). Checking welds. 
(6). Pretesting vessels for leaks before operation. 


(c). Improved vacuum techniques. 


4, High-vacuum industries, 
(a). Improved vacuum methods for vitamin distillation. 
(6). New methods of detecting high vacua in electronic- 


tube manufacture. 
(c). Low-pressure low-temperature dehydration of food- 
stuffs, 


5. 
(a). 


Gas-processing industries. 

Diffusional separation of helium from natural gas, 
(b). Efficient separation of hydrogen from process gases. 
(c). Diffusional separation of oxygen and rare gases 
from air, 

(d). New techniques in gas recycling. 


6: Electrical industry. 
(2). New electronic techniques in high vacua. 
(6). Improved microsensitive instrumentation. 


7. Medical profession. 

(a). A low-cost more abundant source of radioactivity. 
(6). Improved protective methods for combatting 
toxicity in industry. 

(c). Extension of cancer therapy. 


8. Refrigeration industry. 
(a). Increased safety in equipment. 
(6). Improved handling of fluorides for refrigerants. 


9, Industries employing corrosive chemicals. 

(az). New pump and valve lubricants and packing 
methods. 

(6). New treatment of metal surfaces to prevent corro- 
sion. 


Of Current Interest 


(c). 
(d). Completely enclosed pumps operated from exterior 
by induction. 


Improved safety practices. 


CORROSION FACTORS 


From the start the project encountered 
staggering obstacles. Uranium, being a 
solid, had first to be transformed into a gas 
for utility in the selected gas-diffusion 
process. This meant selecting a compound 
of uranium with some other element which 
would be gaseous at nominal temperatures 
and from which elemental uranium could 
be regained readily after diffusion. After 
much experimentation, which included ura- 
nium hexafluoride, UFs, and other gases, 
suitable process gases were selected. One 
of the major advantages of UFs which 
brought it into special consideration was 


_ that fluorine, having only one isotope, would 


not complicate the separation by adding new 
combinations which would diffuse at vary- 
ing speeds. Uranium hexafluoride is a solid 
at room temperature but fortunately turns 
into a gas at 56 degrees centigrade. Un-~ 
fortunately, however, like most fluorine 
compounds, it was highly reactive, physio- 
logically poisonous, and introduced problems 
of corrosion which pointed toward difficul- 
ties in production and handling. In the 
words of one Kellex spokesman “uranium 
hexafluoride is one of the hardest things to 
handle in the history of mankind.” 

It was found that practically all the tech- 
niques and developments gained in the suc- 
cessful study of the problem could be carried 
over into a number of industries plagued by 
corrosion factors through improvement in 
equipment and processing. The results indi- 
cated a saving of millions of dollars annually 
in the conservation of critical equipment 
and materials, minimum breakdown of 
moving parts, and increased safety for 
workers. 

In the process it was imperative that no 
material in contact with the process gas 
react with it, as such corrosion would lead 
not only to plugging of the microscopic 
pores of the diffusion barrier and various 
mechanical failures but also to absorption 
(that is, virtual disappearance) of enriched 
U-235 isotope. Obviously, therefore, stand- 
ard-type valves and piping could not be 
used; instead, new methods of pretreating 
metal surfaces against corrosion were worked 
out, new coolants, piping, new-type heat 
exchangers, lubricants, pumps, and packing 
were developed to satisfy the stringent re- 
quirements. 


APPLICATION OF NEW CORROSION 
KNOWLEDGE TO INDUSTRY 

Hydrogen fluoride is an important isom- 
erization and alkylation catalyst in pe- 
troleum refining, as well as an important raw 
material in the production of aluminum and 
refrigerants. It is, however, so highly active 
and dangerous that industry has not yet 
capitalized on many of its potentialities. Its 
handling now may be made safer and simpler 
without excessive maintenance costs, and as 
a result its increased use in industry may be 
realized. 
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Other important starting materials for a 
host of industrial products, such as sulfur 
dioxide, hydrogen chloride; and the mineral 
acids (sulfuric, nitric, and phosphoric), all 
have presented severe problems of transfer 

~and corrosion with particular emphasis on 
valve lubricants and pump packings. These 
difficulties can be simplified greatly by ap- 

_ plication of the knowledge gained through 
the extensive experimentation with UF and 
the other related gases. 


PUMPS 


The story on pumps, the heart of the 
process and one of its most difficult problems, 
is particularly interesting and applicable to 
modern industry. Thousands of pumps 
operating under reduced pressure at Oak 
Ridge created problems in vacuum tech- 
nique on an unheard of scale. Other thou- 
sands operated at nominal pressures. But 
regardless of the type or service none could 

_ leak or corrode, and all had to have as 
small a volume as possible. Many different 
types of centrifugal blower pumps and syl- 
phon-sealed reciprocating pumps were tried 
out and new types developed. For example, 
in one of the pumps for the larger stages the 
impeller was driven through a coupling 
containing a very novel and ingenious new 
seal. Another type of pump was completely 

’ enclosed, its centrifugal impeller and rotor 
being run from the outside by induction. 

Top-flight pump designers from leading 
manufacturers in this country collaborated in 
‘research at the central Kellex laboratories in 

_ Jersey City and succeeded to a remarkable 

* degree in increasing industry’s knowledge of 

this all-important phase of processing. For 
security reasons the practical applications 
of the new types of pumps developed cannot 
yet be disclosed publicly. However, the 
engineers who participated in this phase of 
the project have brought to their parent 
companies a vastly increased lore of new 
techniques which cannot help but be re- 
flected in increased service to their customers, 

Perhaps the most significant advance in 
pump design which has been accomplished 
most successfully is the utilization of super- 
sonic velocities of a very high order (Mach 

numbers of over 1.0). 


BARRIER REQUIREMENTS 


Literally acres of porous barriers were re- 
quired for the gas diffusion plant with billions 
of holes smaller than 0.01 micron. Despite 
the high degree of porosity required, such 
barriers had to be able to withstand a pres- 
sure head of one atmosphere. The pores had 
to be of uniform size and spacing and could 
not become enlarged or plugged up as the 
result of direct corrosion or dust coming 

from corrosion elsewhere in the system, and 
_ the barriers had to be adaptable to manu- 
facture in large quantities and with uniform 
quality. 

One of the chief reasons for the lack of 
diffusion techniques in industry today has 
been the barrier problem. Few, if any, 
corporations cared to expend the prohibitive 
time and money in the necessary research on 
this problem, until it was made necessary by 
the exigency of the situation. Almost at the 
last minute an excellent barrier was de- 
veloped, and today these operate successfully 
throughout the more than several thousand 
stages. 
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APPLICATION OF DIFFUSION PRINCIPLES 
TO INDUSTRY 

Now that a large part of the basic research 
on diffusion barriers and their application 
to full-scale industrial separations has been 
completed, particularly with reference to gas 
recycling and instrumentation, the next de- 
velopment would seem to be the separation 
of helium from natural gas by diffusion 
techniques rather than by the present re- 


frigeration method. Helium is so light in 


comparison to other components of natural 
gas that its diffusion velocity through a 
porous barrier is over twice as great as the 


next lightest compound present in the same. 


source. 
It may be still easier to isolate hydrogen 
by these new methods from a number of 
process gases now used merely as fuel, be- 
cause the diffusion velocity of hydrogen, the 
lightest of our elements, is over four times 
that of any compound associated with it. 
The isolation of ethylene by incorporating 
diffusion barriers as an integral part of crack- 
ing units conceivably could supply an 
abundant source of this versatile chemical 
used for the manufacture of synthetic rubber, 


plastics, antifreeze, alcohol, and many other - 


products. 

The preparation of oxygen and rare gases 
from air without resorting to refrigeration 
and fractional distillation is another possible 
application, when economic methods are 
developed. 

The direct isolation of natural gasoline 
fractions from crude petroleum without re- 
sorting to distillation, and new types of frac- 
tionating columns for the petroleum-refining 
industry also appear feasible. 


INSTRUMENTATION 


If pumping is the heart of processing, then 
instrumentation is the brain. No continuous 
process could function efficiently without 
adequate automatic control. In the gaseous 
diffusion plant the problems of instrumenta- 
tion were far greater than in any other in- 
dustry, because the theory involved the as- 
sumption that diffusion took place through 
an infinite number of stages, whereas prac- 
ticability dictated that such stages be limited 
in number. 

Even so, several thousand stages were re- 
quired, necessitating an intricate system of 
gas recycling involving abnormally large 
volumes of gases in relation to the finished 
product and continuous high-precision ana- 
lytical control. About half of the gas proc- 
essed in each stage diffused through the 
porous barrier as enriched U-235 product 
and after repressuring was sent on to the 
next higher stage for further concentration; 
the impoverished half also was repressured 
and recycled through the next lower stage. 
The recycling involved was enormous, over 
100,000 times the volume of the final enriched 
gas. 

There were developed to meet these needs 
the most precise continuous automatic ana- 
lytical control instruments ever produced by 
man, it is claimed. This refinement is one 
of the outstanding features of the gas-diffu- 
sion plant and constitutes one of its most 
important applications to: industry today. 
Instruments which before had existed only 
in research laboratories were improved upon 
and adapted to commercial use; completely 
new prototypes were conceived, developed, 
and put into mass production. The result is 
that now there is available to industry a 
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physicists in the United States and Engla 


accurate analysis of natural gas or any — 


ment, aptly and simply called the leak de-_ 


_ out of or into the system would be dar 


=e 

; Pea 
more nearly perfect system 0 
_.automatic control than ever has existed. a 


APPLICATIONS OF NEW INSTRUMENTATION 
oe 


' Mass Spdetbastae One of ‘the d 
opments employed is a new type of 
spectroscope, which every petroleum re 
will welcome for control of cracking oper. 
tions and transfer line analysis. The m 
spectroscope has been employed for several 
years in research laboratories and ev 

within the last two years in certain ph ; 
of the refining industry but never on t 

perfected scale developed at Oak Rid; 
The foremost instrument engineers 


devoted their full time not only towa 
gearing this instrument to continuous con 
but also to expanding United States cap; 
for its quantity output. In no other count 
has electronic research been applied on 
grand a scale. The mass spectroscope 
electronic device for analyzing gases 
qualitatively and quantitively from a 
standpoint by separating a beam of dissi: 
gas molecules into separate beams according _ 
to their formula weight. Determinations are 
very fast, require only a thimbleful of g: 
and make obsolete the formerly used Orsat _ 
and chemical analyses, particularly for the 
purposes of continuous control where in- — 
stantaneous changes must be effected the — 
moment a process swings off the line. = 
Its potential uses in industry include thelh 


process gas; the continuous automatic con- 
trol of any gaseous process such as alkylation, — 
dehydrogenation, vapor phase cracking, and 

so forth; the checking of inert gases such 2 
nitrogen used to provide a protective atodeal | 
phere in furnaces and so forth; the checking of _ 
the completeness of any evacuation process, a: 
in the manufacture of radio tubes; the detec- 
tion of impurities; and many others; Industry — 
will not have to wait for benefits from th 
versatile tool, because production facilit | 
have been increased enormously since the — 
new type was created, 


Leak Detector. A second develop- 
tector, is more sensitive than any other exist- _ 
ing device previously utilized for the same 
purpose. It played an important part in 
ensuring that all parts of the gascous-diffu- 
sion plant were vacuum tight. Any k 


both from the standpoint of loss and of con- 
tamination of an exceedingly valuable mate- 
rial. The leak detector is well ad 
locating annoying leaks in ind 
vacuum precessing industries, such 
min manufacture, in which even microsco’ 
leaks undetectable by the familiar ammonia~— 
hydrogen-chloride method or Tesla coil 
method are still potent enough to prevent 
drawing the necessary high vacuum on the 
equipment. Other potential uses include the 
pretesting of pressure and vacuum apparatus: 
before putting it in service, checking equip- 
ment in operation to ensure no wastefu 
or contamination, the testing of welds for 
minute pores which otherwise would escape 
detection, and ensuring the physiological 


safety of refrigeration equipment i 
toxic coolants. 


Heat Exchangers. Of great interest to the 
petroleum-refining industry is the develop- 
ment of a new-type heat exchanger. Since 
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- revealed at this time. 


7 am unavoidable concomitant to pumping gas _ 


is heating it and since enormous volumes of 


gas were processed, individual cooling units — 


for each stage had to be developed. A 
brand new type of heat exchanger was con- 
ceived for this purpose and developed up to 
the production stage. A manufacturer then 
was selected and shown how to make it, even 
to the extent of redesigning his equipment 
so that thousands of units could be turned 
out quickly. The units were installed and 
functioned very well. 


POSSIBLE MEDICAL AND PHYSIOLOGICAL 
BENEFITS ~ 

Because of the variety and multiplicity of 
radioactive products which can be produced 
by means. of U-235, humanity faces the 
prospect of soon having available for thera- 
peutic medicine radioactive materials pos- 
sessing a wide variety of properties. It is 
logical to expect, therefore, that these new 
materials will be suitable for products 
offering a greater range of usefulness, and 
at a lower cost than radium. 

The possibility exists of incorporating a 
micro quantity of a radioactive isotope in 
food to observe its metabolism in the body 
of experimental animals. Such tagged 


_-material could be traced readily in its 


passage through the organs of the body. 


~ MONEY NOT WASTED 
Kellex representatives urged that it be 


borne in mind that the afore-mentioned 


benefits accruing to American industries as 
a result of knowledge gained in the develop- 
ment of the gas-diffusion plant represent 
only a small part of that permitted to be 
The total cost of the 
project, $2,000,000,000, actually only repre- 
sented eight days of war cost to the United 
States. 

If it be estimated that the war would have 


. lasted another six months the actual saving 


could be estimated at $45,000,000,000. 


‘Latest Army Radar Set 


- Guards Coasts and Guides Ships - 


Existence of seacoast fire-control radar, a 
new set, which it is claimed “‘will revolutionize 
our coastal defenses”’ and will guide incoming 
ships, even those without radar equipment, 
to port through fog and darkness, recently 
was revealed by the Army. 

The apparatus was designed by the radia- 


tion laboratories at Massachusetts Institute © 


of Technology, Cambridge, for the Army 
Signal Corps, and sets had been in operation 
along United States coastlines and on the 
coast of [wo Jima before the war ended. 
Detection of vessels at least 25 miles at 
sea with a definition hitherto impossible for 
shore-to-sea sets has been accomplished with 
the new apparatus. Its accuracy of definition 
is within five yards in any direction at the 
effective firing range of 12 miles. Used for 


nonmilitary purposes, it will allow the safe . 


guiding to anchorage of ships which either 
lack radar entirely or have equipment that 
is out of commission. The shore radar opera- 
tor, possessing what amounts to a motion- 
picture view of the approaching ship in his 
radar oscilloscope, can warn the ship by radio- 
telephone of all obstacles in its path. 

As a defense weapon the new set enables 
accurate nighttime firing, because the radar 
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automatically relays information on range 
and bearing of the target to the guns. Such 
a degree of definition has been secured in 
sighting objects that a fleet of several hundred 
large and small ships, detected at a distance 
of 30 miles, shows up as separate dots of light, 
and an area of one mile square can be 
brought to such magnification that a ship 
five miles away can be seen to turn, and 
sometimes can be identified as to class. 

A unique feature of the new set is the ex- 
tremely narrow beam of radio pulses which it 
emits—one half of a degree wide. Ata range 
of 5,000 yards the beam is only 50 yards wide. 
Surveillance radar sets formerly used to scan 
the sea from land employed beams that were 
60 to 80 times as wide. 
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Educational Advantages 
for Veterans 


Rensselaer Polytechnic Institute, Troy, 
N. Y., recently announced a co-operative 
plan with industry to aid in replenishing the 
nation’s supply of scientific and technological 
personnel. 

According to Livingston W. Houston, 
president of the institute, the General Electric 
Company has agreed to participate in train- 
ing as many as 80 men at a time as its share 
in the program and other nationally known 
companies also are arranging to take part. 

The plan is said to differ from the average 
college-industry plan in that it will carry 
students through at least to the master’s de- 
gree and enroll only those who indicate talent 
and ability for graduate study and research. 
Rensselaer Polytechnic Institute and the co- 
operating industry will select the candidates 
jointly from the regular student body in 
their sophomore year. 


The program will get under way Novem- . 


ber 1. While studying various branches of 
engineering, physics, and chemistry, students 
will spend about 30 per cent of their time in 
shops or laboratories of the industries, for 
which they will receive wages. Neither the 
student nor the company is obligated, one 
to the other, as to later employment. 

The plan will enable veterans to receive a 
high standard of education in cases where, 
because of dependents, the educational 
benefits of the ““GI Bill’ would not otherwise 
be sufficient. 

The institute will also open on November 
1, 1945, a program of co-ordinated evening 
courses leading to baccalaureate and gradu- 
ate degrees as well as individual courses in 
independent subjects. The work covers en- 
gineering, science, management, English, 
literature, history, and economics. This 
plan will likewise offer an opportunity to 
veterans who find the financial allowances 
under the bill insufficient to permit them to 
go to college without working at the same 
time, 


MIT to House Returning “GI's.” The 
Massachusetts Institute of Technology, Cam- 
bridge, will build 100 houses for’ married 
veterans who are planning to resume their 
education this autumn or in the spring of 


1946. The decision to build came after a 
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survey of housing conditions and facilities of 
Greater Boston showed that it would be prac- 
tically impossible for a veteran returning to 
the college to find suitable living quarters. | 
The departments of civil and mechanical 
engineering provided advice on grading, 
roads, paths, drainage, and electric layouts 
for the houses which will be erected on land 
belonging to the institute and adjacent to it. 


Polytechnic Institute of Brooklyn 
Aids Veterans 


A series of eight degree-guidance circulars 
has been prepared by the Polytechnic In- 
stitute of Brooklyn, N. Y., as a means of giving 
specific information to the many inquirers 
from all parts of the world. Each of the cir- 
culars is devoted to a full outline of the four- 
year requirements leading to the bachelor- 
degree in electrical engineering; aeronautical 
engineering; chemistry; chemical engineer- 
ing; civil engineering; mechanical engineer- 
ing; metallurgical engineering, and physical 
science. 

To assist returning veterans, Polytechnic 
Institute in the spring of 1945 set up a coun- — 
seling service for the use of men already sepa- 
rated from service and for men who were still 
in service and who wanted to know what re- 
quirements they must meet. During the past 
academic year the institute had an enrollment 
of 136 veterans. In the autumn of 1943 
veterans at the institute organized the first 
chapter of Gamma Iota Alpha, the “GI” 
association now expanding as a collegiate 
veterans’ association in college chapters 
throughout the United States. : 

Two curricula are now available at th 
institute in electrical engineering, one fea- 
turing power and industrial applications and 
the other communications and electronics. 
They include new courses in electrical con-. 
trols, power systems, electromagnetic fields, 
and electroacoustics. 


Fellowships Granted by 
Eastman Kodak 


To assist universities in reducing the post- 
war dearth of young men with advanced 
technical training, the Eastman Kodak Com- 
pany, Rochester, N. Y., will expand its grant- 
ing of annual fellowships into a program of aid 
to graduate students of chemistry, physics, 
mechanical and electrical engineering, and 
business administration. This enlarged 
program is to provide 12 fellowships for doc- 
toral work and ten fellowships for masters’ 
work. The previous Eastman Kodak grants, 
numbering only six, were confined to the 
field of chemistry and chemical engineering. 

Of the awards to be granted persons pursu- 
ing doctoral training, one fellowship is des- 
ignated for chemical engineering at the 
Massachusetts Institute of Technology, Cam~- 
bridge, Mass., another is for work in organic 
chemistry at the University of Illinois, Ur- 
bana, and another is for the study of physical 
chemistry at the University of Rochester, 
Rochester, N. Y. The nine other fellowships 
for doctoral work—-six in chemistry and three 
in physics—are to be rotated among various 
universities from year to year. 

To encourage graduate training in the 
field of mechanical engineering, the Eastman 
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Kodak Company is offering four fellowships 
- to men majoring in design in work toward 
their master’s degree. It is planned that two 
fellowships will be awarded, in addition, to 
students completing their master’s degree in 
electrical engineering. The company’s inter- 
est in this field has evolved largely from its 
increasing concern with the application of the 
principles of electronics and electrical engi- 
neering. ‘These six fellowships are to be 
utilized at different universities each year. 
“ A major purpose of the increased fellow- 
ship grants is to augment the research activ- 
ity of the universities, thus raising the quality 
of instruction and enhancing the training of 
students becoming available for industrial 
positions. z 


Special Courses for Veterans 
at Stevens and Columbia 


A pre-engineering training course for 
veterans desiring to study engineering who 
have not completed the required preparatory 
studies or who wish to review high-school 
subjects before starting college work in engi- 
neering has been organized by Stevens In- 
stitute of Technology, Hoboken, N. J. 
Regular faculty members will supervise the 
instruction in physics, chemistry, mathe- 
matics, and English which will comprise the 
course. 


For veterans who intend to operate small 


businesses and have insufficient time for a 
full college program, Columbia University 
has designed an eight-week intensive course 
to be given by the school of business and 
university extension. Students will receive 
instruction in the fundamentals of account- 
ing, finance, marketing, organization, buying 
and inventory control, advertising, labor re- 
lations, booms and depressions, risk and in- 
surance, taxation, planning and budgeting, 
and business policy, as well as special instruc- 
tion in the operations and problems of par- 
ticular types of small business. Classes will be 
supplemented by panel discussions led by 
men experienced in operating small business 
or men who are specialists in serving small 
business. 


Technical Subjects Urged for Schools. 
The vocational high school division of the 
schools of New York, N. Y., has prepared a 
report urging the introduction of technical 
courses in ten of the city’s trade schools. If 
approved this plan would offer technical 
training at the secondary-school level to a 
larger percentage of students, and would 
prepare students for posts as vocational tech- 
nicians or for admission to engineering col- 
leges. The report noted that during the 
period of rapidly changing economic and 
technological conditions, an attempt, already 
started, should be continued to train boys 
and girls to meet these conditions. 


Television at Syracuse. Syracuse Univer- 
sity, Syracuse, N. Y. has reserved an “‘Intra- 
Tel” system—wired television—from the Gen- 
eral Electric Company, Schenectady, N. Y., 
for postwar delivery. William Pierson Tolley, 
chancellor of the university, said that the 
television equipment will be used to conduct 
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various classroom teaching experiments, as 
well as teaching television programming and 
other techniques to students. He said that 
Syracuse University students would be given 
the opportunity of studying various television 
operations such as script writing, costume and 
stage-set designing, lighting, camera opera- 
tion, stage and technical direction, picture 
and sound control and other transmitter 
operations, and that the university’s experi- 
ence would be made available to other edu- 
cators. 


Educators Inspect Navy 
Postgraduate School 


A group of recognized engineering educa- 
tors recently was invited by the chief of naval 
personnel to visit the United States Naval 
Postgraduate School at Annapolis, Md., for 
the purpose of inquiring into the character 
and scope of instruction, and to offer sug- 
gestions for the arrangement of the Navy’s 
postwar plans for graduate education of its 
officers. The group which included W. B. 
Kouwenhoven (F ’34) dean, school of engi- 
neering, Johns Hopkins University, Balti- 
more, Md., also considered the propriety of 
authorizing the master-of-science and doctor- 
of-science degrees to student officers who ful- 
filled established requirements. 

The postgraduate school was established at 
the academy in 1909 with the purpose of 
offering advanced technical education to 
meet specific naval needs. In the interests of 
furthering its educational program, the Navy 
Department has granted authority to the 
postgraduate school to participate in a pro- 
gram for an exchange of professors with 
selected colleges and universities. 


Survey of Latin America 
Engineering Education 


Dean S. S. Steinberg of the college of 
engineering, University of Maryland, College 
Park, will return to the University late this 
month from a good-will tour of Latin America 
made in the interest of engineering education. 
He traveled as the guest of the State Depart- 
ment in behalf of its division of cultural co- 
operation. 

The purpose of his trip was to make a sur- 
vey of engineering education in the American 
republics; promote closer relations between 
the engineering educators of Latin America 
and the United States; arrange for exchange 
of professors, and provide for a wider inter- 
change of engineering and technical publica- 
tions. : 

For this trip Dean Steinberg was desig- 
nated official representative of the Society for 
the Promotion of Engineering Education. 


Electrical Engineering for Service Men, A 


survey recently undertaken by Professor B. A, 


Thresher, director of admissions, Massachu- 
setts Institute of Technology, Cambridge, 
revealed that a majority of the service men 
interested in an engineering education picked 
electrical engineering as their foremost inter- 
est. The admissions director was impressed 
by the extent to which the service men have 
been influenced in planning their engineering- 
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’ phases. of aeronautical science which have 


- such topics as the aeronautical applications 


- tural research. 


pal.» 

: 
education careers by the type of work ti 
have been doing in the Army and in 
Navy. He interpreted the choice in electrica’ 
engineering over the other branches of en 
neering to the fact that the men tend 
choose that vocation which seems to the: 
most immediate practical significance. — 


Education for ‘‘GI’s” in Europe. 
than 1,000,000 men stationed in Europe | 
responded to the program of the War De. 
partment for an educational plan that will be : 
broad and of practical value when the men 
return to civilian life. Schools have be 
organized so that soldiers of varying levels o 
education can continue their schooling ii 
both academic and in technical subje 
The latter will utilize Army equipment a 
offer advanced training in such fields 
radio, photography, and various type: 
engines. American colleges and universit 
have co-operated and business corpora’ 
have furnished instructors and mate 
The majority of the teachers, however, wi 
recruited from officers and men now in 
Army but a number of leading educator 
from the United States have agreed to he 

get the program under way. ‘ 


school, of the General Electric Company, — 
Schenectady, N. Y., designed to train both 


maintenance and repair of new figh 
equipment, has graduated a total of 559 s 
inception of the school in 1942. Of the to 
220 have been United States Army and Navy 
instructors and supervisors, 239 have 


keep the military abreast of and trained 

the use of new aeronautical developmen 
and to provide scientists of the company and 
other civilian scientists with a wider and more 
practical scope of the field and its probl 


Aeronautics Program at Princeton. The | 
School of Engineering, Princeton University, 
Princeton, N. J., will initiate its first f 
graduate-teaching program of its departme 


of aeronautical engineering in November 


1945... Emphasis will be placed on those 


been advanced during the war period. 
Fundamentals will include study of ae 0 
dynamic theory, vibrations, and elasticity, 
and special consideration will be given to 


of jet propulsion and gas turbines, and 
modern techniques of flight testing and struc- 


Navy V-12 to Continue at Hoboken. 
The Navy V-12 training unit at Stevens In- 
stitute of Technology, Hoboken, N. J wi 
be continued. with a quota of 377 men after 
November 1, 1945. Stevens was designated — 
for the training of engineers at its own re- 
quest under the Navy College Training Pro-_ 
gram on July 1, 1943. More than 900 men 
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have received training at the unit, and 292 
men have been graduated under the V-12 
program since its beginning at the institute. 
Upon completion of the course, and after 
postgraduate studies at midshipmen training 
‘centers, the V-12 students are given commis- 
‘sions in the United States Naval Reserve. 
Although the general policy of the Navy had 
been to consolidate the program at the end 
of the summer term of 1945, certain units 
having Naval Reserve officers-training-corps 
components, marine detachments, and sub- 
stantial numbers of upper-level engineers are 
being continued. 


Education Via University Radio. A 
university radio council to co-ordinate radio 
activities at Columbia University, New York, 
‘N. Y., and to “put education on the air” 
through its own radio station is a plan of the 
university announced recently. The univer- 
sity’s application for a frequency-modulation 
radio station has been filed with the Federal 
Communication Commission, Washington, 
D. C. The council will be composed of 
representatives of various schools and divi- 
sions of the university, and will be responsible 
for the control and administration of radio 
activities. Doctor Russell Potter, chairman 
of the university’s radio committee, declared 
that through radio Columbia University 
anticipates bringing to a much larger audi- 
ence the intellectual, cultural, and scientific 
resources of the university. It is proposed to 
broadcast a minimum of six hours daily 
afternoon and evening throughout the aca- 
demic year. The station will be on the 
campus with its transmitter in Alpine, N. J. 
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Science Offers Choice—Sarnoff 


~ Life or death is the choice facing mankind 
today as a result of scientific research de- 
veloped over the past several years and’ ex- 
emplified in today’s fateful weapons for war 
or peace. This is the belief of David Sarnoff 
(M ’23) president, Radio Corporation of 
America, New York, N. Y., and brigadier 
general, United States Army, whose article 
“Science for Life or Death” appeared in 
the August 10, 1945, Mew York Times with 
the approval of the War Department. 

General Sarnoff urges constant vigilance 
on the part of the Government of the United 
States to marshal science and: industry to 
defend itself against aggression. This means 
not only military preparedness but also scien- 
tific preparedness. He urges the engaging 
in research of the scientific talent of the 
United States not only in wartime but also 
in peacetime in order to find the solutions to 
scientific problems from as many angles as 
possible claiming that there cannot be too 
many laboratories. Asserting that the vital 
role science can play in peace or war for the 
future calls for consideration of its potential 
influences upon the territorial, economic, 
social and political problems that nations seek 
to solve, General Sarnoff concludes that the 
“voice of science should be heard in the 
halls where the architects of peace design 
our future.” 
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Expansion at University of Pennsylvania. 
The Moore school of electrical engineering, 
University of “Pennsylvania, Philadelphia, 
will be enlarged at a cost of nearly $125,000 
as a step in the development of its long- 
established program of engineering research 
to aid industry, public health agencies, and 
the United States Army and Navy, accord- 
ing to Harold Pender (F 14) dean of the 
school. The additional laboratory area will 
be adapted for research in various phases of 
electronics, such as television and industrial 
control, and will be used also for the investiga- 
tion of problems related to electric ma- 
chinery. He said that before the war the 
Moore school laboratories were equipped for 
both educational and research work in all 
branches of electrical engineering, and as 
student enrollment decreased during the war 
much of this equipment was used for research 
projects assigned to the school by the United 
States Government. Many of these projects 
are being continued while the school is ex- 
periencing a steady increase in student en- 
rollment in electrical engineering. Hence the 
need for additional laboratory space. 


New Rubber Silicones. ‘‘Silastic’’ is the 
latest group of high polymeric organo-silicon 
oxide polymers to develop from laboratory 
research into commercial production by 
Dow Corning Corporation, Midland, Mich. 
This new silicone rubber now provides a 
group of engineering materials which remain 
elastic and compressible at temperatures of 
150 degrees centigrade for long periods and 
can be used at temperatures up to 250 de- 
grees for certain applications. The tempera- 
ture limitations of natural rubber long have 
been realized and many attempts have been 
made to impart to the new organic synthetic 
rubbers the qualities of increased thermal 
resistance. In many instances these efforts 
have been successful in raising the safe operat- 
ing limits of rubber or synthetic-rubber in- 
sulations, 


Centers for Oil Research. Plans for con- 
struction of two petroleum research centers, 
one in Linden, N. J., and the other at Baton 
Rouge, La., were announced recently by 
Eugene Holman, president of the Standard 
Oil Company of New Jersey. He said that 
the program would provide scientists of the 
Standard Oil Development Company, the 
central technical organization of Standard 
Oil Company of New Jersey, with modern 
and extensive research facilities in the oil 
business.. R. P. Russell, president of the 
Standard Oil Development Company, said 
the new laboratories would be used not only 
for developing improved products from oil 
and processes for producing them, but also 
for much work in extending sources of supply 
of oil products, including gasification of coal, 
oil from coal, and production of oil from 
other carbonaceous products. 


Research on Steel Planned. A $5,000,- 
000 postwar research and production expan- 
sion program has been approved by the board 
of directors of the Allegheny Ludlum Steel 


Corporation, Pittsburgh, Pa. A modern re- ~ 


search laboratory and related experimental 
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and pilot-plant equipment will be built at 
Brackenridge, Pa., to intensify studies of the 
structure, melting, processing, and further 
development of high alloy steels. A cold- 
rolling mill of latest design, for rolling stain- 
less and silicon strip steels will be constructed 
at West Leechburg, Pa. 


Starts Work on Research Center. Con- 
struction has been started on the research 
laboratories of the Navy Bureau of Ordnance, 
White Oak, Md. When completed this 
project and the Glenn L. Martin College of 
Engineering and Aeronautical Sciences of the 
University of Maryland will form one large 
center of research in the fields of physics and 
engineering. Captain W. G. Schindler will 
be in command and Captain R. D. Bennett 
(F °35) will direct the research. 
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Course in Quality Control 
Methods At Iowa City 


An intensive ten-day course, ‘‘Quality 
Control by Statistical Methods,” to be given 
November 6-16 inclusive, was announced 
recently by F. M. Dawson, dean of the col- 
lege of engineering and chairman of the com- 
mittee on quality control, and by Earl J. 
McGrath, dean of the college of liberal arts, 
State University of Iowa, Iowa City. The 
University of Iowa has co-operated with the 
War Production Board and the United States 
Office of Education in giving similar courses 
in quality control by statistical methods, 

A feature of the proposed course is a follow- 
up program in which two two-day clinics 
will be held with industrial representatives to 
discuss common problems and to obtain addi- 
tional information. The course is designed 
for executives and persons in an advisory 
position where the knowledge gained can be 
applied immediately. Tuition for the 
course, including books and supplies, is $100. 
Trainees will be expected to provide for their 
own living expenses and transportation to 
and from Iowa City. The number of train- 
ees in the course will be limited. 


Bendix to Stimulate Foreign Trade. The 
formation of a new division, Bendix Inter- 
national, to handle the foreign-trade program 
of Bendix Aviation Corporation, New York, 
N. Y., has been announced. It will be under: 
the direction of Charles T. Zaoral, general 
manager, who joined the corporation in Jan- 
uary as co-ordinator of foreign affairs, after 
many years_of experience in the foreign field 
for General Motors Corporation and Dodge 
Brothers, Inc. The new division will handle 
throughout the world, with the exception of 
the United States and Canada, the products 
of the 17 divisions of the corporation. It has 
established headquarters at the corporation’s 
New York office and will maintain engineer- 
ing, sales and service personnel to develop 
opportunities for two-way international trade. 
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LETTERS TO THE EDITOR 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Role of AIEE in Professional 
Relations 


To the Editor: 


In the June and July issues of Electrical 
Engineering are three thoughtful papers, each 
concerned with the questions—who or what 
shall become the voice of the profession. Mr. 
Fairman, in “Organization of the Engineer- 
ing Profession” (EE, June °45, p. 220-3), 
forthrightly proposes that each individual 
member of the Institute join the National 
Society of Professional Engineers. The sub- 
committee on civic affairs, in “Civic Re- 

' sponsibilities of Engineers” (EE, July °45, 
p. 251-2), suggests the formation of a local 
engineering council, or club, or society com- 
posed of representatives of the local chapters 
of the national engineering societies and other 
local technical organizations. 
tee on collective bargaining and related 
matters in ““AIEE Report on Collective Bar- 
gaining” (EE, July °45, p. 239-45) says that 
an organization of engineers, an association 
of engineers and employees in closely related 
professions, and an organization of all pro- 
fessional employees are suitable forms of labor 
organizations for engineers. 

In each case the suggestion is that some- 
body other than AIEE represent the electrical 
engineer. 


In each case the argument is presented con- . 


vincingly. Granted then that the role as- 
signed to AIEE administration—the elected 
and appointed officers of the electrical engi- 


neering democracy—is that of a sort of pater. 


familias guiding and advising his progeny 
in their jousts with the outer world, what 
kind of an Old Man of the Mountain 


_. should we develop? Should he be a long- 


haired, gray-bearded recluse delivering his 
oracular pronouncements from the shadows 
of his cavern or castle after being properly 
propitiated, or should he be a vital, barrel- 
chested, whooping head-of-the-family ever 
ready to enter the fieldvof battle with the 
required club or shield to be shoved into the 
hands of his sons or even to be used in their 
behalf? I prefer the latter. 

If the common preference is such then 
AIEE owes its members positive action. If 
the Fairman recommendation is good—and 


I for one support it—then AIEE should act by — 


urging and helping its members to obtain 
professional licenses; by channeling some 
of its talent into the administration of the 
National Society of Professional Engineers 
so as to revitalize that organization; by estab- 
lishing cross representation with that society 
on important committees; and by negotiating 
some sort of dicker whereby dues in engi- 
neering societies are not quite so cumulative. 


There is always the foolish fear present that. 


AIEE may lose prestige or something equally 
jintangible in supporting another body, but 
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The commit- — 


_ engineer—managing director, 


stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE, All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies; Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations, 


a strong outfit strongly in action never loses. 

If the civic affairs subcommittee’s sugges- 
tion is accepted as sound, then AIEE’s im- 
mediate requirement is to request its Districts 
and Sections to undertake the formation of 
technical councils or local engineering socie- 


ties in the political subdivisions in their area; 


to aid in forming a loose federation of such 
councils, to negotiate with the other founder 
societies so as to obtain their aid; and to 


develop a means of administering the non-- 


technical problems that may thus arrive. 
Again, this approach is nontraditional; there 
is the ever-present fear that AIEE may be- 
come involved in “‘politics.” It probably 
will and there will be many mistakes made. 
But at least they will be sins committed and 
not virtues omitted. 

And finally there is the excellent report on 
collective bargaining. There can be no doubt 
that it would be a great mistake for engineers 
to join a union controlled by nonprofes- 
sionals. To take the positive position AIEE 
ought to choose a proper organization for its 
members and support it. Against this is the 
old bogey that AIEE contains employers and 
employees, management and labor. Every 
consultant, 
draftsman, or test man—is an employee and 
equally so a part of management. He and his 
judgment are hired. And what better re- 
pository of his interests can any engineer 
find than the top people of his own profes- 


’ sion? In any event this problem as well as 


the other problems pertaining to the public 
recognition of the electrical engineer requires, 
in my mind, a positive AIEE position. 


M. D. HOOVEN (A ’24, F °44) 


(Electrical engincer, electric engineering department, 
Public Service Electric and Gas Company, Newark, N. J.) 


Value of Patents 


To the Editor: 


What lessons from the war period will our 
citizens carry with them into the postwar 
period? One lesson, undoubtedly, will be 
the need and the ‘value of preparation. 
Furthermore, the people will have learned 
the tremendous amount of effort required to 
achieve a worth-while goal. 

Soldiers and sailors in training sacrificed 
what little time was available for leisure and 
pleasure to study for higher ratings. They 
learned to convert time and effort into those 
-higher ratings, which meant greater responsi- 
bility, greater authority and larger pay. War 
workers learned to convert hours of overtime 
into savings for the future—War Bonds, 
and savings accounts. The people have been 
taught to convert toil and labor into an asset 
and to convert a present sacrifice into a 
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. fects from our entry into the war. 
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that they can expect to enjoy t 
when the time comes to enjc 


about 1930 to raake it more and more 
cult for an inventer to enforce 


Government piieiade 
DECLINE IN PATENTS 


When inventers observe the trend 
ward depriving them of their reward, tl 
very properly, stop inventing. Inve 
fell off considerably during the 
period before the entry of the Uni 
into the war. There was a decline of. 
per cent in patents issued during: the ten 
period from 1933 to 1943. Since 


—= 
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filing an applienticn anes receivi 
there was a close parallel between ‘thie 
in issued patents and the correspon 
cline of 41 per cent in patent app! 
filed during the period between 1930 ; 
1940. The decline during this ten. 

period occurred before there could be any 


1930 and 1943, the decline in patent 
plications filed in the United States Pa 
Office was 54 per cent. ; 
One reason for the patentee’s difi 
which discouraged him from inventing 
ing this period was the uncertainty wh 
a contribution to the art, an advance: 
which was considered an invention 
made, would be considered an inven 
when the patent came up for consider 
before the courts. Previously, courts h 
held that inventions should be judge l 
jectively by the character of the contri 
itself, and tested by the standard of 
standing want and need; by the lens 
time the public had to wait since the previot 
unsatisfactory device had been prop 
by the number of prior efforts and fi 
in the solution of the problem; by t 
novelty of mode of operation of the inventio 
and by the copying of the invention by # 
infringers and an entire industry. Lat 
however, some courts began to adopt t 
subjective standard of invention; Hy they judg: 
inventions, not by the character : 
contribution to the art, or the extent of t 
advance, but rather by the manner in h 
the invention was made, by betes and und 
what circumstances. 
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_ One of the recommendations of the Na- 
ional Patent Planning Commission ap- 
pointed by the late President Roosevelt was 
ihe enactment by Congress of a rule requir- 
ng use of the objective standard of invention. 
Such a rule would go far toward restoring the 
value of patents, and should be enacted. 


FREDERIG B. SCHRAMM (M34) 
(Patent lawyer, Cleveland, Ohio) 


Applications of _ 

Thevenin’s Theorem 
To the Editor; 
_ Walther Richter points out (EE, March 
1945, p. 103-05) that this valuable theorem 
has found only limited application in power 
work because many electrical engineers are 
not well acquainted with it, ie 

There is another much more recent net- 
work theorem, of particular value in com- 
munications problems, that deserves the 
consideration of power engineers. This is 
the theorem stated by Jacob Millman in his 
paper, ‘A Useful Network Theorem” (Pro- 
ceedings of the Institute of Radio Engineers, 
September 1940, pages 413-17). The author 
discusses previous application of special cases 
to unbalanced polyphase networks, and 
shows that in general the solution of such 
systems can be quite easily obtained by use 
of a rather simple network relation. 


ROBERT P. OWEN (A744) 


(Electronic engineer, Allen B. DuMont Laboratories, 
: Inc., Passaic, N. J.) 


Electrical Essays for Recreation 


To the Editor: - 


Permit me to voice my satisfaction and 
enthusiasm about something new in Electrical 
Engineering, found on page 294 of the August 
issue, and entitled “Electrical Essays for 
Recreation.” Material of this sort stimulates 
discussion and thinking about the funda- 
mental principles of electrical engineering, 
and should, therefore, be highly welcome. 
One of the trade magazines, dealing with 
mechanical subjects, makes it a point to 
publish a puzzle of this sort every month, 
inviting discussions from its readers and pub- 
lishing the solution in the following month’s 
issue. I would like to see Electrical Engineering 
try a similar scheme. By offering a small 
prize for contributions you might entice your 
readers to jot down their pet puzzle (and 
who has not run across some baffling ones?) 
and tosendtheminto you. Inasimilar way, 
the readers might be invited to send in their 
solution, The best presented and clearest 
solution then could be published, or the 
reader could be awarded a prize. 

As to the three puzzles presented by 
Harry Sohon, the first one reminds me of an 
incident which occurred some 25 years ago 


when I was working on the test floor of a | 


large electrical firm in Europe. A young 
engineer finally had solved the problem of 
the century; a commutatorless d-c machine. 
The principle of that revolutionary idea is 
exceedingly simple. In an a-c generator, a 
voltage with a given polarity is induced 
when a north pole of the rotor passes one 
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side of the coil while the south pole passes 
the other coil side. One-half cycle later, a 
voltage of the opposite polarity is induced 
because the poles passing the coil sides are 
now of opposite polarity. All he had to do 
was to see to it that only north poles would 
be passing one coil side and only south poles 
the other, which obviously was easy to ac- 
complish by exciting the rotor with alter- 
nating current of the proper frequency. He 
had the idea sold to the director of the test 
floor and carried out the experiment by 
using a slip-ring induction motor, supplying 
60-cycle excitation to the slip rings and driv- 
ing the machine synchronously. Well, it 
did not work. No student would have any 
difficulty in recognizing what is wrong if 
our schools would cease to explain the law 
of electromagnetic induction by having a 
conductor “cut”? magnetic lines, but would 
adhere strictly to the fundamental concept 
that a voltage is induced when the flux 
associated with a loop is changing. When 
adhering to this concept, the student would 
not overlook the voltage of transformation 
which is overlooked conveniently in both 
cases. 

Referring to the second puzzle, the two- 
to-one voltage-ratio transformer, neither my 
associates nor myself can see any reason why 
the voltage linking with twice the flux will 
not be twice as high as the primary voltage. 
We agree that it might be quite difficult to 
build a core which will not have a terrific 
amount of leakage, but with leakage neg- 
lected, as postulated by the problem, there 
does not seem to be any reason why there 
should not be a voltage step-up. 

Referring to the third problem, the power- 
factor paradox, the ‘‘nigger in the wood pile” 
is, of course, the statement that when the 
negative half wave of a ten-ampere sinu- 
soidally varying current is suppressed, the 
effective value will drop to five amperes. It 
is true, of course, that the wattage will drop 
to half if current is flowing only during one- 
half of the time, but as the wattage is pro- 
portional to the square of the effective value 
of the current, the indication of an rms-type 
meter originally showing ten amperes will 
drop only to 7.07,amperes when one-half 
wave is going to be suppressed by the action 
of the rectifier. 


WALTHER RICHTER (M? 37, F’42). 


(Electrical engineer, engineering development depart- 
ment, Allis-Chalmers Manufacturing Company, West 
_ Allis, Wis.) 


To the Editor: 

After reading Harry Sohon’s essays in the 
August 1945 issue of Electrical Engineering our 
readers may have many other puzzlers which 
they will want to submit. 

I should like to offer one which has per- 
turbed me and for which I have not yet 
obtained a suitable explanation. 

Assume two electrons traveling adjacent 
to each other at high speed in a straight line. 
(This is the case of two electrons in the beam 
of a cathode-ray tube.) These electrons are 
moving charges and therefore constitute 
currents. Hence, there should be an attrac- 
tive force between them since they are ad- 
jacent currents having the same direction. 
(This is in addition to the normal electro- 
static repulsion between like charges.) 
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However, if the observer should travel along 
at the same speed as the electrons, they will 
appear to be at rest and he will conclude 
that for these stationary charges there is no 
attractive force. Obviously, whether or not 
this force exists must be entirely independent 
of what the observer does, so that some fallacy 
must exist in the above reasoning. 


B. LITMAN (A’42) 


(Generator engineering, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa.) 


To the Editor: 


Harry Sohon’s “Electrical Essays for Rec- 
reation” present three good examples of the 
result of acceptance of formulas without con- 
sideration of the underlying physics. In the 
first example of ‘““D-C Generator Without 
Sliding Contacts” the statement appears, 
‘Now the formula for the voltage induced in 
a wire cutting a magnetic field is e=bvh 
(equation 3).” This formula applies prop- 
erly to cases where the flux density is con- 
stant, but in this example where the flux 
density is varied, an additional voltage is 


‘induced en. It readily can be shown 


that the additional voltage resulting from 
transformer action would make equation 4, 
revised, 


e= BVA(sin? wt —cos? wt—cos wt) 
= BVh(cos 2 wt—cos wt) 


eliminating the constant term and the direct 
current. 

In the second example, there is no error in 
the reasoning, and “A Two-to-One Voltage- 
Ratio Transformer With One-to-One Turn 
Ratio” is described. The transformer has 
two turns of the core through one of the coils, 
which doubles the flux linkages for that coil. 
The conventional transformer-turns-ratio 
formula ignores this unusual type of trans- 
former, where the volts per turn are different 
for the two windings. 

In the third example, the incorrect state- 
ment is, “The effective current is now five 
amperes,” based on an implied formula that 
half-wave rectification halves the current. 
The effective current for the half-wave case 
is, of course, 7.07 amperes, making the power- 
factor unity. 


ALFRED P. STEENSEN (A ’34, M’45) 
(Engineer, The Foxboro Company, Foxboro, Mass.) 


Name Suggested for 
Insulated Conductor 


To the Editor: 

The wire and cable nomenclature lacks a 
concise term for an “insulated conductor.” 
I suggest “‘icon” to fill the requirement. 

The British use the word “core” for an in- 
sulated conductor. ‘“‘Core” has the merit of 


‘conciseness but it is a common word of the 


English language, meaning the heart or 
center of anything, and is so used in the 
United States and in Canada in the wire 
and cable industry. That is, the core is the 
inner structure of a cable, about which 
something is added, as for example, ‘‘over the 
core is applied a sheath or a jacket.” 


381 


The use of the term “icon” meaning an 


‘insulated conductor avoids a common am- 
biguity, when, for brevity, the word is used in 
the sense of an insulated conductor. One 
can use the term “icon” meaning an insulated 
conductor with assurance that it generally 
will be understood by one not already famil- 
iar with it, as the context and its evident 
derivation reveal its meaning. 


TRACY D. WARING (A 706, M 713) 


(Standard Underground Cable of Canada, Ltd., 
Toronto, Ontario) 


Organization of the 
Engineering Profession 


To the Editor: 


I read with a great deal of interest an arti- 
cle by James F. Fairman of the Consolidated 
Edison Company (EE, June 1945, p. 220-3). 
It.seems to me he has made suggestions in 
this. article which should receive the support 

-of many engineers, the more so if they are 

_ anxious to. bring about the unification of the 
profession. I think you deserve a great deal 
ef credit for publishing Mr. Fairman’s 
article in the journal of a Founder Society. 
As a matter of fact, membership in the Na- 

tional Society of Professional Engineers 
should in no way interfere with membership 
in the Founder Societies. I trust Mr. Fair- 
man’s article will receive the general pub- 
licity which it deserves. ; 


_ D, B. PRENTICE 
(President, Rose Polytechnic Institute, Terre Haute, 
: Ind.) 


NEW BOOKS eee 


The following new books are among those recently 
received from the publishers. Books designated ESL 
are available at the Engineering Societies Library; 
these and thousands of other technical books may 
be borrowed from the library by mail by AIEE 
members. The Institute assumes no responsibility 
_ for statements made in the following summaries, 
information for which is taken from the prefaces of 
the books. All inquiries relating to the purchase of 
any book reviewed in these columns should be 
addressed to the publisher of the book in question. 


Warships of the World. Edited by R. 
Kafka and R. L. Pepperburg, with illustra- 
tions by D. R. Merrill. Cornell Maritime 
Press, New York, N. Y., 1944. 1,038 pages, 
illustrated, 10 by 7 inches, cloth, $15. (ESL.) 
This compendium of information on the 
navies of the world will be useful to laymen 
and experts alike. So far as is possible, it 
lists every naval vessel, with facts as to its 
name, size, horsepower, machinery, arma- 
ment, builder, and so forth. Each class and 
type are pictured in photographs and line 
drawings. Brief accounts of the careers of 
many fighting ships are given. More than 
7,000 ships are included in the book. 


Waves and Wave Action. A bibliography 
of books, periodicals, and society publica- 
tions appearing from 1687 through De- 
cember 1943. Compiled by C. C. Lee, 
1315 First North Street, Vicksburg, Miss.; 
revised February, 1944. 91 pages, also 
pages I-XVIII chronological lists, and A-L 
subject index; manifold copy, 101/, by 8 
inches, paper, $5. (ESL.) 
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This is a second revision of this list which 
appeared originally in 1942. Nearly 800 


references are listed, the majority with — 


annotations. The arrangement is by 
authors, with a subject index, and a chrono- 
logical one. ‘ 


Aircraft Yearbook for 1944. 26th annual 
edition. Edited by H. Mingos. Lanciar 
Publishers, New York, N. Y., 1944. 727 
pages, illustrated, 9 by 51/4 inches, cloth, $6. 
(ESL.) 

The new edition of this annual publication 
of the Aeronautical Chamber of Commerce 
of America reviews the events of the year, 
both in military and civil aviation, and the 
work of American manufacturers. 
tions, government bureaus, and other organi- 
zations interested in aviation are listed with 
their officers. Statistics and records are 
tabulated. 


Aeronautical Dictionary. By T. A. Dickin- 
son. Thomas Y. Crowell Company, New 
York, N. Y., 1945. 484 pages, illustrated, 
81/4 by-5!/4 inches, cloth, $3.50. (ESL.) 

~ This comprehensive work gives definitions 
of over 6,000 terms in aerodynamics, me- 
teorology, navigation, piloting, engineering, 


metallurgy, design, lofting, aircraft construc- 
tion, and other phases of aeronautics. More 
than 300 illustrations are used to clarify or 


amplify certain definitions. An appendix 
contains many tables of technical data, lists 
of’ aeronautical abbreviations, useful books 
and American periodicals, and other infor- 
mation of value. 


Television Programming and Production. 
By Richard Hubbell. Murray Hill Books, 
New York 16, N. Y., 1945. 207 pages, il- 
lustrated, $3. 

Provides a foundation for the techniques of 
television program production as an aid to 
broadcasters, advertising men, writers, direc- 
tors, actors, designers, students, technicians, 
and theatrical, radio, and motion-picture 
people in building their television programs 
and projects more ably and more rapidly. 
Suggests practical ways in which these tech- 
niques may be improved. As an introduction 
to the art of television this book discusses the 
nature of television; the camera; video 
technique and theory. The last part of the 
book is devoted to a retrospect of television 
programming in England and the pioneering 
efforts of the British Broadcasting Corpora- 
tion, 


Gas Turbines and Jet Propulsion for Air- 
craft. By G. G. Smith.  Aerosphere, Inc. 
370 Lexington Avenue, New York, N. Y., 
1944, 123 pages, illustrated, 83/4 by 51/2 
inches, cloth, $3. (ESL.) 

The history of the development of gas- 
turbine prime movers employing jet propul- 
sion is presented concisely with considerable 
technical detail. Examples of gas-turbine 
units driving orthodox airscrews are included, 
and steam turbines are briefly reviewed. 
The work has been revised generally, and 
three new chapters have been added on tur- 
bine-compressor units, jet versus airscrew, 
and boundary layer control. An interesting 
feature is the discussion of the future possi- 
bilities of the gas-turbine power unit in the 
flying-wing type of aircraft, 
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Associa- 


‘ington Avenue, New York, N, 


inches, cloth, $15. (ESL.) 


electric Units Provide Centr: 0 


Mechanical and Electrica! 
Buildings. By C. M. Gay 
Fawcett. Second editi 
Sons, Inc., New York, N. ( 
Hall, London, England, 1945. 
illustrated, 8!/2 by 51/2 inches, 
(ESL.) : : 

The coverage of this manual i 
by the headings of the five sections: — 
supply, plumbing and drainage, heatir 
air conditioning, electric equipmer 
acoustics. The purpose of the book 
acquaint architects, students, and bi 
managers with the basic theori a 
plications concerned with bui 
ment, rather than to provide a 


conform with modern practice an 
recommendations and provisions 
pertinent codes and standards. ‘ 


Aerosphere, 1943. — by ( 
Angle and others. Aerosphere, Inc., 37( 


5 


Paged in sections, illustrated, 12 


Aerosphere provides brief descri 
aircraft and aircraft engines curren 
built throughout the world, tog 
statistical information on these 
and a buyer’s guide. The ai 
countries, then by manufa The 
fications, construction, equipment, ir 
ments, performance, and engine for 
model are stated, usually with a pho 
of the plane or drawing of the en 


. The 


~~ 
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Electrical Essentials in Marin 
Volume 1. By J.M. Dodds. 
Book Company, Inc., New York, 
London, England, 1945. 419 p 
trated, 81/2 by 51/3 inches, cloth, $: 
This first of three volumes gives 
reference-handbook treatment 
marine electrical work except 
by marine and shipyard elec 
in installation, testing, repairing, a: 
tenance work. This volume—easy t 
easy to understand—explains the esse 
principles of electricity and magnetism 
the characteristics of electric circuits 
nating and direct currents are discu 
gether and their various uses describ 
compared. Z - 
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The following recently issued pamphi 
of interest to readers of ‘‘Electrical Ex 
All inquiries should be addressed 


“Full Employment” and the “N; 
Budget.” (A Discussion of the Murr. 
Employment Bill.) Citizens Nation 
mittee, Inc., Washington 9, D. C., 


Modern Governors (For 


Lar; 


4p 
Allis-Chalmers Manufacturing Com n ' 
Milwaukee, Wis., 24 pages, = ea * 
‘ 


The ‘Use of Public Works to Sustain 
struction Activity. Chamber of Cc 
of the United States, Washington, D. C. 


pages. I 


a 


